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Abstract 

This paper studies voluntary disclosure in a leader-follower game in a product mar-

ket. The leader is privately informed about the demand prospect of the market. The 

leader chooses a production level and decides whether to disclose it. On the one hand, 

such disclosure is benefcial to the leader due to the standard frst-mover advantage. On 

the other hand, the follower learns the leader’s private information through disclosed 

information, so the leader frm has an incentive to to signal low demand through de-

creasing production. This is costly to the leader, as the leader may end up producing 

and earning less than the follower (frst-mover disadvantage). To avoid such signaling 

costs, the leader can conceal production information. In equilibrium, when the leader is 

long-term oriented, the leader discloses the production plan only when the privately ob-

served demand signal is low. More competition leads to less disclosure. When the leader 

frm is short-term oriented, an interval disclosure equilibrium can emerge. I extend the 

baseline model to the case where the leader may not observe a private signal (the Dye 

(1985) friction). Since the disclosure is about endogenous actions, the uninformed type 

has the option to disclose the production plan as well. I show that this friction allows 

the leader frm to save the signaling cost by mimicking the uninformed type. This paper 

offers a theory of endogenous disclosure cost. 
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1 Introduction 

In a strategic situation, being better informed does not necessarily mean that one is better 

off. One prominent example of this is the frst-mover disadvantage in leader-follower games 

with strategic substitutes (Gal-Or, 1987). In particular, consider a Stackelberg competition, 

where a leader and a follower frm compete in quantity. If both frms are symmetrically 

informed, then the leader is in general better off than the follower due to the commitment 

power endowed by moving frst (frst-mover advantage). If the leader is better informed, 

however, the leader’s production decision signals the private information of the leader. Un-

derstanding this signaling value of the production decision, the leader frm has the incentive 

to distort its production to change the follower’s belief in a way that is benefcial to the leader. 

In a fully separating equilibrium, the private information is perfectly recovered by the fol-

lower, but the leader is trapped into distorting his production and incurring an endogenous 

signaling cost. Under some conditions, this signaling cost is so large that the leader’s ben-

eft from the commitment power by moving frst is completely offset. That is, the leader is 

worse off than the follower, precisely because it owns valuable information and moves frst 

(frst-mover disadvantage). 

However, the leader frm can avoid this “signaling curse” by concealing its action. Of 

course, this comes at a cost: by concealing the production decision, the leader cannot enjoy 

the frst-mover advantage. Moreover, concealing the action does not completely hinder the 

follower’s inference about the leader’s private information. The follower makes an inference 

about the leader’s private information from the fact that the action is concealed. Thus, one 

might suspect that the unraveling result applies, and the leader discloses all information in 

equilibrium, rendering the voluntary disclosure moot (Milgrom, 1981). But, in light of the 

endogenous signaling cost that ensues after disclosing the action, it is not clear if the leader 

discloses all information. Does the unraveling result apply? If not, what is the equilibrium 

disclosure strategy of the leader? What is the equilibrium action when there is an option 

to conceal the action from the follower? Can the leader still beneft from the frst-mover 

advantage through selective disclosure of the production plan? 

These questions are particularly relevant to the accounting literature. Much of the exist-

ing theoretical research on voluntary disclosure focuses on disclosure of signals about frm 

values, such as management forecasts and earnings guidance (Verrecchia, 2001). However, 

frms disclose a wide range of information beyond such signals. Disclosure about production 

decision is an important example. In some industries, frms directly disclose their production 

forecast as part of investor relations, even though it is not mandated. For example, Toyota 
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has been consistently disclosing planned vehicle production quantities in the next fscal year 

in its fnancial statements. BMW, in its 2021 annual report, disclosed expected deliveries of 

electrifed vehicles, but they ceased doing so in the next year. Doyle and Snyder (1999) fnd 

that, in the U.S. automobile industry, frms frequently announce their production plans, and 

announcements of increased production leads to increase in production among competitors. 

The world’s largest gold mining corporation, Newmont, regularly releases its gold produc-

tion forecast and explains if it delivered its past forecasts. These examples suggest that the 

disclosure of production data has voluntary and strategic nature. Understanding the eco-

nomic forces surrounding such strategic disclosure of production information is important to 

gain deeper insights into how the corporate information environment evolves endogenously 

(Beyer et al., 2010). 

I consider a model of product market where a leader frm and a follower frm produce im-

perfectly differentiated goods. The demand system is linear. The leader is better informed; 

it privately observes a possibly imperfect signal about the common demand intercept. If the 

demand is higher, then the leader would like to produce more. However, if the followers 

also learns that the demand is higher, then the follower would produce more, hurting the 

leader’s market share and profts. Upon observing the private signal, the leader decides on 

the production quantity and whether to disclose this production plan. If the leader decides 

to disclose the production plan, then the leader has to produce according to the disclosed 

amount, just as in the standard Stackelberg model. Thus, the disclosure of production plan 

is assumed to be truthful as in the voluntary disclosure literature (Milgrom, 1981).1 How-

ever, in the current setting, the leader can manipulate what it discloses–it is free to choose 

any (nonnegative) production quantity. After the voluntary disclosure decision, the follower 

chooses an output level, and then the market clears. 

I assume that the leader frm’s demand information is “soft information,” meaning that 

the leader cannot credibly disclose the demand information itself. This assumption seems 

reasonable, as information about demand prospects (e.g., macroeconomic condition) is often 

not verifable. On the other hand, I assume that the leader commits to production plan, as 

in the standard Stackelberg models. This assumption may not hold perfectly in practice. 

However, even in a situation where a frm does not directly commit to and disclose a produc-

tion plan, it may credibly communicate production decisions by other means. The expansion 

of production capacity, such as building new factory, is one example (Milgrom and Roberts, 

1Alternatively, I could assume that the leader actually produces the good and discloses the produced amount. 
Assuming that the leader actually produces before the follower and that the leader makes a production plan 
are the same, provided the leader commits to the production in the latter case. 
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1992). Alternatively, CAPEX forecasts may also credibly convey production information.2 

Analyzing the extreme case of perfect commitment helps to clearly illustrate the economic 

forces at play. 

As a benchmark, I start with the case of mandatory disclosure. On the one hand, the 

leader can commit to producing more than the Cournot quantity to take a larger market 

share than the follower. I call this the “Stackelberg effect.” On the other hand, since the 

leader wants to signal that demand is low, the leader has an incentive to distort production 

downward. This “signaling effect” counteracts the “Stackelberg effect.” Under the setup of 

my model, I show that the leader is always worse off than the follower.3 That is, the endoge-

nous signaling cost–contraction of the production–outweighs the frst-mover advantage, and 

the leader ends up producing less than the follower. 

In the main model, the leader is always informed about demand and has the option 

to disclose or withhold the production plan. The voluntary disclosure decision is made to 

maximize the cash fow from the product market. I show that the unraveling result does not 

apply. The unique equilibrium disclosure strategy is a threshold one, and the leader discloses 

quantity only when the demand signal is suffciently low (lower-tail disclosure). Intuitively, 

when the signal is low, the leader wants the follower to know this information; otherwise, 

the follower would overproduce. Alternatively, when the demand signal is high, if the leader 

decides to disclose the production plan, the leader has to engage in a signifcant amount of 

distortion of production (signaling) in an attempt to convince the follower that demand is not 

high; in a fully separating equilibrium, not distorting the production will yield the leader an 

even lower payoff. 

Does voluntary disclosure help the leader partially restore the frst-mover advantage? I 

show that when signal realization is high enough, the leader earns more than the follower 

and the symmetric Cournot proft. This is because the leader with high signal realizations 

can successfully conceal production plan to retain its informational advantage about the 

demand while avoiding the signaling distortion of disclosing production plan. In addition, I 

show that the expected payoff of the leader before observing the signal realization can also 

be higher than the follower and more than the symmetric Cournot proft when the market is 

competitive enough. Thus, both ex-post and ex-ante, the leader can mitigate the frst-mover 

2For example, in January 2023, Tesla, a market leader in the electric vehicle industry, announced that it is 
building a $3.6 billion factory in Nevada (WSJ, 2023). Bloomfeld and Tuijn (2019) provide evidence that the 
announcement of capacity expansion has an information content. 

3Unless otherwise mentioned, I consider a fully separating equilibrium. In general, there exists a pooling 
equilibrium, but it should be supported by an “unreasonable” off-path belief (Gal-Or, 1987). Indeed, one can 
show that such an equilibrium does not survive the D1 refnements. 
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disadvantage by strategically releasing production information. 

The unique disclosure threshold exhibits intuitive comparative statics. As the competi-

tiveness of the market, measured by the degree of the homogeneity of the products, increases, 

the leader discloses less often. This is consistent with the empirical papers that document 

a negative association between competition and disclosure (Li, 2010; Ali, Klasa and Yeung, 

2014; Huang, Jennings and Yu, 2017; Li, Lin and Zhang, 2018; Glaeser, 2018; Glaeser and 

Landsman, 2021). The mechanism is that the competitiveness of the market increases the 

endogenous signaling cost. Moreover, as the precision of the leader’s signal decreases, the 

threshold increases, i.e., the leader discloses more often. This feature is shared in standard 

voluntary disclosure models (Verrecchia, 1990). In addition, the analysis offers some im-

plications for empirical research that examines managers’ voluntary disclosure of good vs. 

bad news (Skinner, 1994; Verrecchia and Weber, 2006; Kothari, Shu and Wysocki, 2009). In 

particular, if one views disclosure cost through the lens of product market competition, then 

my model predicts that leading frms in a given industry selectively disclose bad news. 

I also analyze the case where the leader frm has a short-term incentive to maximize 

stock price.4 This captures the idea that cash fows may be realized with some delay, and 

that the manager of the frm is myopic, possibly because the stock price is tied to the man-

ager’s compensations or the manager has to sell the stock for a liquidity reason (Stein, 1989). 

The stock market does not observe the signal realization, so the stock price after nondisclo-

sure is constant with respect to the signal realization. This is in contrast to the expected 

cash fow, which changes with the signal realization even after nondisclosure. I characterize 

all disclosure equilibria and show that only lower-tailed disclosure or interval disclosure is 

possible, depending on the level of the myopic incentives. I show that there is an interval 

disclosure equilibrium, where the leader frm discloses only when the signal is “modest.” 

Importantly, upper-tail disclosure strategy cannot be part of an equilibrium even when the 

leader frm cares almost exclusively about stock price. This is because the leader can mimic 

the production of a high-signal type. This mimicry is costly in terms of cash fow perspective, 

but a myopic frm ignores this cost. 

Finally, I extend the baseline model to incorporate friction in information arrival (Dye, 

1985; Jung and Kwon, 1988). That is, in contrast to the baseline model, the leader frm 

observes the private demand signal only with some probability. It is reasonable to think 

that an industry leader may not always possess superior information compared to followers. 

A novel feature of my model is that the disclosure is not about private signals but about 

4See Glaeser, Michels and Verrecchia (2020) for evidence that (the investor’s perception of) the manager’s 
horizon shapes the disclosure behavior and affects real decisions. 
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real actions. Therefore, even an uninformed frm can disclose. This new feature allows 

the informed to be pooled with the uninformed even if the informed decides to disclose. I 

identify two types of equilibria, depending on whether the uninformed leader discloses the 

quantity. If the uninformed leader conceals the quantity, then upon disclosure the follower 

knows that the leader is informed, so the subgame ensuing the disclosure stage is the same 

as in the main model. Upon nondisclosure, the follower updates beliefs, taking into account 

the possibilities that the leader is informed or uninformed. Thus, the disclosure equilibrium 

is still a threshold one, but now the threshold is lower (less disclosure), just like in standard 

disclosure models with the Dye friction. 

Another type of equilibria is one in which the uninformed leader discloses the quantity. 

In this equilibrium, I show that a fully separating production equilibrium no longer exists. If 

there was a fully separating equilibrium, then there is a zero probability that the informed 

leader’s disclosed quantity coincides with the uninformed leader’s disclosed quantity. Thus, 

the follower would believe that the leader is uninformed with probability one upon observ-

ing a production level that the uninformed would commit to. But then, some types of the 

informed leader beneft from mimicking the uninformed leader’s production. In other words, 

the leader wishes the follower to believe that it is uninformed and achieves this by mimick-

ing the uninformed if there was a fully separating production equilibrium given disclosure. 

To capture this mimicking incentive of the informed leader, I consider a semi-separating 

equilibrium. The informed leader can save the signaling cost by producing and disclosing the 

quantity that the uninformed would produce and disclose. The uninformed leader devises 

a production plan understanding this mimicking incentive of the informed leader. The dis-

closure equilibrium continues to be a lower-tail disclosure. I show that the disclosure region 

can expand compared to the perfect information endowment case. In particular, for some 

parameter values, there exists a full disclosure equilibrium. Intuitively, the leader has two 

options to avoid the signaling distortion: withholding the production plan and mimicking the 

uninformed type. The latter additional device used to avoid the signaling distortion makes 

disclosure more proftable compared to nondisclosure for the informed leader. 

My study provides a theory of endogenous disclosure cost. By analyzing disclosure incen-

tive of production information, I offer insights into how product market competition shapes 

disclosure incentives. The comparative statics I obtain for the main model are largely con-

sistent with the extant empirical fndings. My analysis identifes endogenous signaling costs 

as a specifc mechanism linking voluntary disclosure to competition. The analysis of the Dye 

friction reveals that when the leader frm does not always possess information, empirical 

predictions are nontrivial. 
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The rest of the paper is organized as follows. In the following subsection, I discuss the 

related literature. In Section 2, I describe the main model. In Section 3, I analyze a couple 

of benchmark cases. In Section 4, I analyze the main model. In Section 5, I consider short-

term disclosure incentives. In Section 6, I discuss welfare results. In Section 7, I extend the 

model to incorporate the Dye friction. Section 8 concludes the paper. All proofs are relegated 

to Appendix. 

1.1 Related Literature 

There is a vast theoretical literature on disclosure and competition (Gal-Or, 1985; Li, 1985; 

Gal-Or, 1986; Ziv, 1993; Darrough, 1993; Darrough and Stoughton, 1990; Wagenhofer, 1990; 

Sankar, 1995; Raith, 1996; Clinch and Verrecchia, 1997; Pae, 2002; Cheynel and Ziv, 2021). 

My paper is concerned with ex-post voluntary disclosure and endogenous proprietary costs 

in a product market. It is well known that, without any friction, the manager discloses 

all verifable information (Viscusi, 1978; Grossman and Hart, 1980; Grossman, 1981; Mil-

grom, 1981; Milgrom and Roberts, 1986). This is called the unraveling/full disclosure result. 

Verrecchia (1983) introduced an exogenous disclosure cost to generate partial disclosure. 

Although he writes that such proprietary costs could arise from a competitor’s use of infor-

mation, it is not clear if a model that explicitly incorporates competition generates partial 

disclosure. Indeed, Cheynel and Ziv (2021) fnd that in a Cournot competition model, there 

are multiple disclosure equilibria. They fnd that there is always a full-disclosure equilib-

rium, even with the competitive disadvantage of the disclosure. Similarly, considering an 

endogenous entry model, Wagenhofer (1990) shows that a full-disclosure equilibrium always 

exists. Therefore, these models are not suffcient to provide a micro foundation of propri-

etary costs. In contrast, in my baseline model, the disclosure equilibrium is unique,5 and 

full disclosure is impossible. Darrough and Stoughton (1990) consider a similar model to 

Wagenhofer (1990) and obtain multiple disclosure equilibria. As with my model, Sankar 

(1995) also considers an ex-post voluntary disclosure with the Dye friction in a product mar-

ket. In a setting where a frm directly discloses a private signal, Sankar (1995) shows that 

the frm selectively discloses bad news. See also Ackert, Church and Sankar (2000) for exper-

imental evidence that shows frms disclose bad news and withhold good news in the setting 

of Sankar (1995). 

This paper is closely related to Gal-Or (1987), who studies signaling equilibria in leader-

5To be precise, the uniqueness of the disclosure equilibrium is obtained given that linear fully separating 
signaling production equilibrium is played upon disclosure. 
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follower games where the leader is endowed with private information. Gal-Or (1987) ana-

lyzes the case in which the follower always observes the leader’s production plan. Privately 

informed leaders are also analyzed in Shinkai (2000); Nakamura (2015); Cumbul (2021). 

My paper extends this line of research by analyzing how strategic disclosure interacts with 

frst-mover disadvantage. The main model is also closely related to a note by Mailath (1993). 

In Mailath (1993), a privately informed leader has the option to delay production, which 

plays a similar role as voluntary disclosure in my model. He analyzes the three-type case 

and focuses on the issue of equilibrium selection. In contrast, my focus is the endogenous 

disclosure cost that arises from the signaling incentive and it’s implication to equilibrium 

disclosure behaviors. 

In my model, voluntary disclosure entails endogenous costs, as the leader frm has to 

distort its production to signal that the demand is low. Beyer and Guttman (2012) and 

Einhorn and Ziv (2012) also analyze a model where frms engage in costly manipulation 

given disclosure. Unlike their papers, the frm’s disclosure incentive of the real action that 

the frm discloses (quantity) is shaped through strategic interaction with a competitor. Thus, 

benefts of disclosure (frst mover advantage) and costs of disclosure (signaling costs) both 

arise endogenously through competition. 

Chen and Göx (2022) is also related to my paper as it considers disclosure decisions in 

leader-follower games (see also Corona and Nan (2013)). In their paper, the disclosure is 

about private signals. Moreover, when a frm does not disclose its private signal, it is not 

allowed to signal the information through real actions. Thus, the trade-off associated with 

signaling and disclosure–the central concern of my paper–is absent. Interestingly, they show 

that under the Dye friction the manager discloses more, a result that I also obtain, but for 

a somewhat different reason. In their paper, it is because after nondisclosure the manager 

has to distort the production to make it consistent with no information endowment, which 

they call the endogenous consistency cost. In my paper, it is because the informed frm can 

be pooled with the uninformed through production. 

The paper also contributes to the literature on earnings management by providing a 

signaling perspective of real earnings management (Roychowdhury, 2006; Dechow, Ge and 

Schrand, 2010). The leader frm distorts production to signal that the private demand signal 

is low. The leader does so in an attempt to increase the expected cash fow (earnings). Seen 

this way, the analysis provides insight into how real earnings management interacts with 

voluntary disclosure. If the cost of signaling through the contraction of production is too 

high, then the leader frm prefers to stay silent. 

Finally, the analysis of the Dye friction contributes to the literature that examines the 
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interaction between real decisions and disclosure (Ben-Porath, Dekel and Lipman, 2018; 

Guttman and Meng, 2021). In my model, the uninformed leader can also disclose the pro-

duction plan, because disclosure is about real actions and not about signals. When the 

uninformed type discloses, some informed types mimic the uninformed type by adjusting 

production. To the best of my knowledge, this type of strategic interaction between informed 

and uninformed types is absent in prior research that studies the Dye friction. 

2 Model 

I consider a duopolistic market for differentiated goods. There are two frms, frm 1, a Stack-

elberg leader, and frm 2, a follower. The goods are imperfect substitutes. The inverse 

demand for frm i’s good is given by a linear form: 

Pi(a, qi, q j) = a − qi − tq j, i, j ∈ {1,2}, i ̸= j. 

The parameter t ∈ (0,1) measures the substitutability of the two goods, and a high t means 

high substitutability and competitiveness.6 The demand intercept, a, is a random variable, 

which follows a uniform distribution over S := [2a,2a], where 0 ≤ a < a.7 I further assume 

that a ≥ a/3 to avoid negative prices.8 The distribution of a is commonly known. The leader 

privately observes a noisy signal about demand.9 I denote such a signal by s1. I assume that 

the signal s1 is a “truth-noise” one: it is a mixture of a degenerate distribution on a with 

probability ρ ∈ (0,1] and and a uniform distribution on S with probability 1 − ρ (Kanodia, 

Singh and Spero, 2005; Guttman and Marinovic, 2018). Thus, the posterior expectation of 

a conditional on s1 is given by E[a | s1] = ρs1 + (1 − ρ)E[a]. The parameter ρ captures the 

precision of the signal, where higher ρ corresponds to a more precise signal. Note that ρ = 1 

means the signal is perfect, and ρ = 0 means s1 is pure noise. The follower does not observe 

any private signal. 

The marginal cost of production is constant and normalized to zero, so the demand inter-

cept should be understood as the difference between the stochastic demand and a determin-

6I exclude t = 0, which corresponds to a monopoly case. The perfectly-homogeneous goods case t = 1 is also 
excluded, because a fully separating equilibrium does not exist. 

7See Appendix C for the discussion of the demand distribution. 
8The follower frm may overestimate the demand signal compared to the realization, in which case the 

follower may overproduce to the point where the prices of the goods are negative. If the lower bound of the 
signal is high enough, then this problem does not arise. Lemma 1 formally shows this point. 

9The noise in the signal is introduced to obtain comparative statistics with respect the precision of the 
signal. Partial disclosure is obtained even if there is no noise in the signal. 
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istic marginal cost. The realized proft is denoted by πi := Pi qi. 

Upon observing the private signal s1, the leader makes a production plan and commits 

to the production quantity q1(s1).10 The leader can voluntarily disclose q1 to the follower. I 

require that the disclosure of production plan q1 be truthful, as in the voluntary disclosure 

literature and a standard Stackelberg model. If the quantity q1 is disclosed, the timing of 

the game is the same as the standard Stackelberg model. The follower chooses a production 

level given that the leader produces q1. If instead the production plan is not disclosed, the 

follower does not observe the leader’s production plan when it makes a production decision, 

so the game is essentially one of Cournot competition. Unlike the standard Cournot model, 

however, the leader has superior information. The follower makes an inference about the 

private signal of the leader from the leader’s decision to conceal the production plan. 

In summary, the timeline is as follows. The leader privately observes s1. The leader 

commits to a production quantity q1. The leader decides whether to disclose the quantity q1. 

Upon observing the disclosure or nondisclosure, the follower decides a production quantity 

q2. The market clears and cash fows realize. 

To defne equilibrium, let d : s1 7→ {0,1} be the disclosure strategy of the leader, where 

d(s1) = 1 means the leader discloses q1 for signal realization s1, and d(s1) = 0 means nondis-

closure. I focus on pure strategies for production and disclosure decisions.11 The leader’s 

production decision q1 is a function of the private signal s1. Let q2 
D(q1) be the production 

Nstrategy of the follower upon disclosure and q2 be the production strategy after nondisclo-

sure. The solution concept I employ is weak Perfect Bayesian Equilibrium, which is defned 

as follows. 

∗ D NDefnition 1. The equilibrium is a disclosure strategy and a production strategy {d∗ , q1, (q2 )∗ , (q2 )∗}, 

together with a belief-updating rule, satisfying the following conditions: 

1. Optimal production by the follower 

£ ¤ ∗ D ∗ ∗∀q (q2 )∗ ∈ arg maxE P2(a, q2, q1)q2 | q1, 1 
q2 £ ¤ N ∗(q2 )∗ ∈ arg maxE P2(a, q2, q1(s1))q2 | d∗(s1) = 0 

q2 

10When there is no risk of confusion, I abuse notation and use q1 to denote a function of s1 and a specifc 
value (for a realized signal). 

11Given that q1 is disclosed, the leader cannot mix in a fully separating equilibrium by defnition. The 
follower does not randomize for any production and disclosure decisions of the leader, because the follower’s 
proft function is concave. 
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2. Optimal disclosure and production by the leader h i 
∗ D N∀s1, (d∗ , q1) ∈ arg maxE dP1(a, q1, (q2 )∗)q1 + (1− d)P1(a, q1, (q2 )∗)q1 | s1 

d,q1 

3. Beliefs are updated according to Bayes law on the equilibrium path. Let q̂1 and d̂ be a 
∗follower’s conjecture about the leader’s strategy: if q1 ∈ {q1(s1) | d(s1) = 1} is disclosed, 

then the follower updates belief to 

E[a | d̂(s1) = 1, q̂1(s1) = q1], (1) 

and if the leader withholds the production plan, then the follower’s posterior is 

E[a | d̂(s1) = 0]. 

∗In equilibrium, the conjecture is correct: q̂1 = q1 and d̂ = d∗ . 

4. Off the equilibrium path, the belief is any probability measure on R++. 

Given that q1 is disclosed, it acts as a signal of the private demand information s1 to the 

follower. As in standard signaling models, upon disclosure, there are many production equi-

libria. I focus on the most informative equilibrium among the possible equilibria. Therefore, 

when a fully separating equilibrium exists upon disclosure, which is indeed the case in the 

main model, I assume that the separating equilibrium is being played.12 As a result, the 
∗expression (1) reduces to E[a | s1 = (q1)−1(q1)]. 

Note that in Condition 4, I take the state space to be the entire positive part of the real 

line, instead of [2a,2a]. This is to ensure the existence of linear fully separating equilibrium. 

Recall that in weak Perfect Bayesian equilibrium, the belief in a zero-probability history 

is completely arbitrary (Fudenberg and Tirole, 1991). In Appendix C, I introduce a payoff-

irrelevant auxiliary state variable, so that the Bayes rule is applied for any production in the 

mandatory disclosure benchmark. That is, there is a restriction on zero-probability events as 

well. In the same appendix, I also explain in detail the distribution assumption on demand.13 

12See also footnote 3. 
13If I use a distribution that has full (essential) support on R++, then Condition 4 is unnecessary in the 

solution concept. In Appendix D, I show that the results in Sections 3 and 4 remain qualitatively the same 
when I use an exponential distribution, which has full support on R++. The analyses in Sections 5 and 6 
would also hold under an exponential distribution, but the uniform distribution signifcantly simplifes the 
computation. 
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I assume that the signal s1 cannot be credibly disclosed. This assumption is rather nat-

ural, as it is often diffcult to provide evidence that the industry demand is high or low. If 

the signal were verifable and voluntarily disclosed, then the unraveling prevails, assuming 

there are no exogenous disclosure costs. 

3 Benchmark: Mandatory Disclosure 

Before I analyze the main model, I consider the case where the leader frm is forced to 

disclose the production plan, q1. Although the setup of my model is slightly different, the 

analysis is essentially the same as in Gal-Or (1987). Thus, I only highlight main economic 

forces. A detailed discussion of this benchmark can be found in Appendix B. 

Let q1 = QL(s1) and q2 = QF (q1) be the strategies of the leader and the follower. Since 

disclosure is mandatory, I omit the superscript D from the follower’s production decision. 

As in Gal-Or (1987), there is a linear equilibrium when appropriate off-path beliefs are as-

signed. Thus, I let QL(s1) = AE[a | s1] and QF (q1) = Bq1, where A and B are unknown 

coeffcients.14 Notice that A > 0 in a fully separating equilibrium (see Lemma B.1). Upon 

seeing the leader’s production decision, the follower’s belief updating is given by 

£ ¤ 
E a | s1 = Q− 

L 
1(q1) = A−1E[a | s1]. 

The frst-order condition gives the follower’s best response:   

1  A−1QF (q1) = q2(q1) =  q1 − tq1  . (2)
2 | {z } |{z} 

Signaling effeect Stackelberg effect 

This expression illustrates the signaling effect of the quantity. The last term in the bracket of 

(2) is a standard Stackelberg effect, which appears in the complete/symmetric information 

Stackelberg model. The more the leader produces, the less market share is left, so the 

follower curtails production. The frst term, on the other hand, is unique to the setting 

where the leader possesses private demand information. Since A > 0, the follower produces 

more as the leader produces more. This is because the leader produces more if the demand 

is high, so the follower infers that the leader is expanding its output because the demand is 

high. 

14The follower’s production is linear in the leader’s production function regardless of the structure of signal-
ing equilibrium. It is without loss to omit constant terms from the strategies. 
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Given the best response of the follower 2, the leader solves 

maxE[q1P1(a, q1,QF (q1)) | s1]. 
q1 

Here, the leader faces two offsetting forces on the follower’s production QF (q1) when choosing 

q1. If the leader increases production by one more unit, then the follower produces less from 

the Stackelberg effect, which is benefcal for the leader, but produces more from the signaling 

effect, which is costly for the leader. 

The leader’s frst-order condition, together with the follower’s optimality condition (2), 

yield a system of equations for the unknown coeffcients (A,B). Solving this, I obtain the 

equilibrium production. Due to the signaling effect, it can be shown that the leader produces 
and earns less than the follower for any parameter values. Thus, the frst-mover disadvan-

tage outweighs frst-mover advantage in the current setting. See Figure 1 for the coeffcients 

on E[a | s1] in the production function of each frm. 

Figure 1: Quantities in the Mandatory Disclosure Regime 

Note: The fgure shows the coeffcients on E[a | s1] in each frm’s production for each t ∈ (0,1) in the 
mandatory regime. For each t, a higher equilibrium production coeffcient corresponds to a higher 
profts. 

This benchmark shows that, without the option to withhold the production quantity, the 

more informed leader is worse off compared to the less informed follower. In the main analy-

sis below, I explore the possibility for the leader to escape from the frst-mover disadvantage 

by strategically disclosing the production plan. 

13 



Summary In Figure 2, I plot the equilibrium profts for each signal realization of the 

mandatory disclosure benchmark (the middle panel). For comparison, I also show the case 

of symmetric information (the left panel) and mandatory nondisclosure (the right panel). 

Under symmetric information, the leader can enjoy the frst-mover advantage without incur-

ring any signaling cost, so the leader is always better off than the follower. Under mandatory 

disclosure, the signaling cost is so high that the leader always earns less than the follower. 

Under mandatory nondisclosure, the follower’s production is based on the prior expectation 

of the demand, so the leader frm is better off than the follower only when the signal realiza-

tion is higher than the average. 

Figure 2: Profts in Benchmarks 

Note: The fgure shows the profts of the leader (frm 1) and the follower (frm 2) as a function of 
signal realizations in each benchmark case. The parameter is set as follows: t = 0.8,a = 1/3,a = 1. 

4 Main Analysis 

4.1 Equilibrium 

In this section, I derive the equilibrium disclosure strategy and production strategies. I start 

with the production strategies, fxing the disclosure decision. The production equilibrium 

given the leader disclosing the quantity is the one described in the mandatory disclosure 

benchmark. In particular, in Appendix B, I show that the leader’s proft given disclosure, 
D Dπ1 

D , is given by πD = (1+ tψ)2(q1 )
2, where q = E[a | s1]/(2(1 + tψ)) is the leader’s production1 1 
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2−tand ψ := 2(1−t) . 

The production stage given nondisclosure reduces to a game of simultaneous moves 

(Cournot) where the leader possesses private information about demand. The leader solves 

maxq1 q1(E[a | s1] − q1 − tq2), while the follower solves maxq2 q2(E[a | d(s1) = 0] − E[q1(s1) |
d(s1) = 0]− tq2). The (Bayesian-Nash) equilibrium of this game is µ ½ ¾ ¶

1 t 1N N(q1 , q2 ) = max E[a | s1]− E[a | d(s1) = 0],0 , E[a | d(s1) = 0] . (3)
2 2(2 + t) 2+ t 

NThe leader’s production given nondisclosure, denoted by q1 , has max{·,0} because the pro-

duction quantity cannot be negative, which I call the non-negativity constraint. When the 

signal realization is near the lower bound of the nondisclosure set, the follower may overpro-

duce and food the market to the extent that the prices of the goods drop to zero. However, 

given the assumption that a ≥ a/3, the non-negativity constraint never binds: 

Lemma 1. Suppose that a ≥ a/3. Then, regardless of the nondisclosure set {s1 | d(s1) = 0}, the 
nonnegativity constraint never binds for any disclosure strategy. 

Given this lemma, I omit max{·,0} from the production strategies from now on. 

Next, I derive the disclosure equilibrium. To do so, one needs to compare how expected 

profts given disclosure and nondisclosure change with respect to signals. Starting from 

some demand signal realization, suppose that realization increases by a unit. As a direct 

effect, since there will be more demand in the market on average, the leader increases its 

production regardless of disclosure behavior. Thus, the leader’s proft increases. If the leader 

does not disclose the production, then the follower does not observe the leader’s change in 

production, so it does not change production. However, if the leader discloses the production, 

then the follower now increases production as well, because it correctly conjectures that the 

demand signal is higher. This indirect effect negatively affects the leader’s proft. There-

fore, the leader’s expected profts given nondisclosure increase at a rate higher than those 

given disclosure. Consequently, an equilibrium disclosure strategy must take a lower-tail 

disclosure form: the leader disclose the production plan only if the demand signal is low. 

When the demand signal is low, the leader wishes to let the follower know this fact to avoid 

overproduction by the follower. 

Let τ be the disclosure threshold, i.e., d(s1) = 1 ⇐⇒ s1 ≤ τ. The equilibrium threshold τ ∗ 
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is determined by the following indifference condition of the marginal type: 

1 t 1 
E[a | τ]− E[a | s1 > τ] = p E[a | τ] . (4)

2 2(2+ t) 2 1+ tψ| {z } | {z }
Nondisclosure Disclosure 

In order for the cutoff strategy to be an equilibrium, one must be careful about the de-

viation incentive of nondisclosure types. A type that does not disclose in an equilibrium 

has both on-path deviation, where the type discloses and produces a quantity that is within 

the range of productions disclosed in equilibrium, and off-path deviation, where the type 

discloses and produces a quantity that is not disclosed and produced in equilibrium by any 

type. The on-path deviation is not proftable by construction. To see there is no off-path 

deviation, one needs to specify off-equilibrium beliefs. Clearly, if the follower assigns suff-

ciently “bad” belief for an off-path deviation, then it deters any off-path deviation.15 As the 

following proposition states, there is a specifcation of off-path beliefs such that the disclo-

sure equilibrium identifed below survives the D1 criterion, a standard signaling refnement 

in the literature (Cho and Kreps, 1987; Banks and Sobel, 1987). 

Proposition 1. 

(i) The disclosure equilibrium is unique and takes the lower-tail disclosure form. The 
disclosure threshold threshold τ ∗ is uniquely determined by the indifference condition 
(4). 

(ii) Full disclosure is impossible for any t and ρ. 

(iii) There are off-path beliefs such that the disclosure equilibrium survives the D1 criterion. 

Part (i) of Proposition 1 explicitly characterizes a unique disclosure threshold in case 

it is interior. Notice that the uniqueness of the disclosure strategy is within a linear fully 

separating equilibrium. Since there may be nonlinear fully separating equilibria, an equi-

librium in the entire game is not unique in general. That said, the trade-off associated with 

disclosure–the Stackelberg effect and the signaling effect–is present for any fully separating 

equilibrium. The explicit form of the unique threshold τ ∗ is given in the Appendix. 

Part (ii) of Proposition 1 states that the unraveling result does not hold in this model. 

This is because, for high-signal types, the cost of contracting quantity to signal that the 

15To be precise, by the unboundedness of the follower’s belief, the follower can assign probability one to an 
arbitrarily high s1. 
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demand is low is too high, so these types would rather be pooled together with higher sig-

nal types. This result provides a micro-foundation for the “proprietary cost” of Verrecchia 

(1983). In my model, the proprietary cost is endogenous, and it is the cost of signaling 

through the production quantity. Cheynel and Ziv (2021) also endogenize proprietary costs 

in a Cournot (simultaneous-move) competition setting where disclosure is about the demand 

signal. However, in their model, when the manager only cares about cash fows, the un-

raveling result holds; thus, the paper does not provide a satisfactory explanation for the 

proprietary costs if one views the manager to be long-term oriented. Moreover, part (ii) of 

Proposition 1 highlights that the difference in what to disclose–signal itself or action as a 

function of signal–leads to different implications. 

Part (iii) Proposition 1 states that the equilibrium survives the D1 criterion. Intuitively, 

for a given off-path production level, different types have different profts. The concavity 

of the production function ensures that there is a type who benefts the most from that 

deviation. This enables the application of the D1 criterion to restrict off-path beliefs. The 

details are in the Appendix. 

In summary, the equilibrium disclosure strategy is given by d∗(s1) = 1 ⇐⇒ s1 ≤ τ ∗ , and 

the production strategies are 

∗ q1(s1) = 

  

1 
2(1+tψ) E[a | s1] if s1 ≤ τ ∗ 

1 t 
2 E[a | s1]− 2(2+t)E[a | s1 > τ ∗] if s1 > τ ∗ 

(5) 

2 )∗ 1NψD 
2 )∗ = ∗].(q E[a | s1], (q E[a | s1 > τ= 

2(1+ tψ) 2+ t 

4.2 Comparative Statics 

The natural question is how the disclosure behavior changes as the parameters of the model 

change. The relationship between product-market competition and disclosure has received 

considerable attention in accounting research (Li, 2010; Huang, Jennings and Yu, 2017; Li, 

Lin and Zhang, 2018; Glaeser, 2018). Since the disclosure equilibrium (within the class of 

linear signaling equilibria) is unique and it is characterized by a threshold, I can conduct 

comparative statics analysis. The following two corollaries show how the disclosure thresh-

old changes when the competitiveness of the market, t, and the precision of the signal, ρ, 

changes. 

Corollary 1. The leader discloses less if the competitiveness of the market increases. That is, 
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Figure 3: Equilibrium Proft and Disclosure Threshold 

Note: The fgure shows the profts of the leader (frm 1) and the follower (frm 2) as a function of signal 
realizations s1 in equilibrium. The dashed vertical line shows the equilibrium disclosure threshold. 
The parameter is set as follows: a = 1/3,a = 1. 

the disclosure threshold τ ∗ , if it is interior, is monotonically decreasing in t. 

This corollary shows that the leader discloses less when the market becomes more com-

petitive. This is consistent with the proprietary cost hypothesis, where more competition 

implies less disclosure. In my model, as the two goods become more similar, the leader’s 

proft depends more on the follower’s production, so the leader’s signaling distortion given 

disclosure becomes higher. Thus, as t becomes higher, the leader fnds nondisclosure more 

attractive. 

Figure 3 illustrates the equilibrium profts along with the comparative statics result. 

Each panel plots the equilibrium profts as a function of s1, where the dotted vertical line 

indicates the disclosure threshold, τ ∗ . Since the type-τ ∗ leader is indifferent between pro-

ducing the disclosure quantity and nondisclosure quantity, the leader’s proft is continuous. 

On the other hand, the follower is not made indifferent at the threshold, so the proft func-

tion exhibits a discontinuous jump at τ ∗ . The left panel corresponds to a low t and the right 

to a high t. The leader discloses less often as the market becomes more competitive. 

The effect of the signal precision ρ on disclosure is as follows: 

18 



Corollary 2. The leader discloses more if ρ increases. That is, the disclosure threshold τ ∗ , if 
it is interior, is monotonically increasing in ρ. 

In the model, the disclosure proft (quantity) and nondisclosure proft (quantity) both 

change with respect to ρ. Moreover, they may be increasing or decreasing with respect to ρ. 

However, it is always the case that the nondisclosure proft of the marginal type increases 

(decreases) in ρ at the rate lower (higher) than the disclosure proft does. Therefore, as 

the signal becomes more precise, the marginal type prefers to disclose more information. 

Intuitively, when the leader frm is known to have more precise information, the follower 

revises the belief in a more unfavorable way to the leader upon nondisclosure, so the leader 

frm is compelled to disclose more.16 

Ex-post and ex-ante profts 

As analyzed in Section 3, if the leader does not have the option to strategically conceal the 

quantity, then the leader always earns less profts compared to the follower. That is, the 

signaling cost (the frst-mover disadvantage) always outweighs the frst-mover advantage. 

This effect also manifests when the leader voluntarily discloses production. In the region of 

s1 ≤ τ ∗ , the leader always earns less than the follower. However, as can be seen in Figure 

3, the leader earns more than the follower when s1 is high enough. This is because the 

leader’s strategic nondisclosure allows it to avoid the signaling costs while maintaining the 

informational beneft about the common demand. In particular, the leader types E[a | s1 > τ ∗] 

earn more than the follower in the product market.17 Moreover, one can show that the leader 

earns more than the symmetric Cournot proft if and only if E[a | s1] > E[a | s1 > τ ∗].18 In 

these senses, the ex-post frst-mover advantage is partially restored for types s1 > E[a | s1 > 

τ ∗]. 

What about ex-ante profts? The previous discussion on the ex-post profts suggests that, 

for the leader to be better off than the follower (or symmetric Cournot benchmark), it must be 

able to conceal production for a wide range of signal realizations in equilibrium–the leader 
16This mechanism holds for standard disclosure models (Verrecchia, 1990). 
17The leader does not always earn a higher proft than the follower given nondisclosure. This is because 

the follower’s production is determined by the average signal over the nondisclosure types. Thus, for low 
types in the nondisclosure region (i.e., types such that E[a | s1] ∈ [τ ∗ ,E[a | s1 > τ ∗]]), the follower overproduces 
in relative terms. In equilibrium, these low types in the nondisclosure types are better off than disclosing 
and contracting the quantity. Alternatively, for high types in the nondisclosure region (i.e., types such that 
E[a | s1] > E[a | s1 > τ ∗], the follower underproduces, so the leader is better off than the follower. 

18The symmetric Cournot proft is defned as the expected proft of each frm when they both observe the 
1signal and move simultaneously. It is given by (2+t)2 E[a | s1]2. Using this expression, one can compare the 

ex-post Cournot proft and the nondisclosure proft to obtain the result. 
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is always worse off than the follower given disclosure. Moreover, given nondisclosure, the 

leader’s profts are “more convex” than the follower’s profts, because the leader has better 

information. Therefore, for the leader to be ex-ante better off, it is also suffcient that the 

leader withholds with high probability in equilibrium. The comparative statics result sug-

gests that this is the case when the market is competitive enough. The following result 

summarizes this observation. 

Corollary 3. The leader is ex-ante better off than the follower and the symmetric Cournot 
benchmark if t is high enough. 

4.3 Ex-ante Welfare: Voluntary vs Mandatory Disclosure 

Compared to the mandatory disclosure case, the leader is unambiguously better off with the 

voluntary disclosure option, since the leader can save the signaling cost. On the fip side, 

the follower prefers the mandatory disclosure regime. However, the net effect is not obvious. 

How does the aggregate industry proft change as the voluntary disclosure option is intro-

duced? Consumers are also affected by the disclosure regime through the frms’ production. 

Are consumers better off under voluntary disclosure compared to mandatory disclosure? In 

this section, I examine the ex-ante welfare consequences of voluntary disclosure. 

Assuming quasilinear quadratic utility on the part of consumers, consumer surplus (CS), 

total producer surplus or aggregate profts (PS), and total surplus (TS) are defned as follows 

(Choné and Linnemer, 2020): 

CS(s1) = 
1

(q2
1 + 2q1q2t + q2

2)
2 

2 2PS(s1) = E[a | s1](q1 + q2) − (q1 + 2q1q2t + q2) 
1 2 2TS(s1) = E[a | s1](q1 + q2)− (q1 + 2q1 q2t + q2).
2 

Ex-ante welfare is given by taking the expectation of these expressions over s1. 

Given that the production plan is disclosed, the total production of the mandatory dis-

closure regime QM and the voluntary disclosure regime QV are the same. Specifcally, from 

(14), 
1 + ψ

QM(s1) = QV (s1) = E[a | s1]
2(1 + tψ) 

Given that the leader conceals production, from (3), the total quantity in voluntary disclosure 
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regime is given by 
1 2− t

QV (s1) = E[a | s1]+ E[a | d(s1) = 0].
2 2(2+ t) 

After some algebra, it turns out that, on average, the total quantity given nondisclosure is 

higher in the voluntary disclosure regime than in the mandatory disclosure regime. In a 

duopolistic market with perfect information, frms generally produce less than the socially 

optimal level, and an increase in total production improves consumer welfare. Therefore, 

it can be conjectured that voluntary disclosure improves consumer surplus while it harms 

producer surplus. Moreover, it is expected that the total surplus will also improve, because 

the total quantity QM is smaller than the socially optimal level. However, analytically com-

paring welfare is diffcult, because CS, PS, and TS are nonlinear in s1 in a complicated way. 

Therefore, I present a numerical simulation result. 

Figure 4 shows the difference in welfare between the voluntary regime and the manda-

tory regime. The horizontal dashed line denotes the zero line. For any competitiveness 

parameter t, the consumer surplus improves while the producer surplus deteriorates due to 

voluntary disclosure. The net effect for the economy as a whole is always positive: voluntary 

disclosure is welfare-enhancing. Hence, the numerical analysis suggests that the conjecture 

from the analysis of total quantity applies. 

Figure 4: Welfare Difference Between the Voluntary Regime and the Mandatory Regime 

Note: The fgure shows the difference in welfare between the voluntary regime and the mandatory 
regime. The dashed horizontal line indicates the zero line. The parameters are set as a = 1/3,a = 
1,ρ = 1. 

21 



5 Myopic Disclosure Incentive 

In the main model, I assumed that frms maximize profts. If the manager of the frm is long-

term-oriented, proft/cash fow maximization makes sense. However, managers of public 

frms are subject to short-term stock market incentives. In this section, I modify the model 

so that frms make disclosure decisions to maximize both stock price (market expectation of 

the cash fow) and cash fow. In particular, following the convention of the literature (Stein, 

1989), I specify the leader frm’s payoff, denoted by U1, as a convex combination of cash fow 

and stock price: 

U1 = (1− α)π1 + αMP1, α ∈ [0,1). (6) 

The parameter α captures the degree of the manager’s myopia.19 When α is higher, the 

leader care’s more about the short-term stock price. The timeline of the model is now as 

follows. Firm 1 (leader) privately learns the signal and commits to a production plan. Then, 

frm 1 makes a disclosure decision, i.e., whether to disclose the committed production. After 

observing the disclosure decision, frm 1 (and 2) is priced by the stock market, where the 

price is the expectation of the profts given the available information. Firm 2 then produces 

a quantity.20 The market clears, and the profts realize. 

I focus on fully separating equilibrium as in the previous section. Therefore, upon dis-

closure of production, the proft πD is known to the market. I let MP1(d) be the stock-1 

market price of the leader frm, so MP1(d = 1) = π1 
D . Upon nondisclosure, the leader’s proft 

N Nis πN = (q1 )
2 as before. However, since q depends on the demand signals1, which is not1 1 

observable to the market, the stock price takes an expectation over the signal realizations 

under which the leader withholds the quantity: MP1(d = 0) = E[πN | d(s1) = 0]. This is the 1 

key difference in disclosure incentives from the long-term manager case. Depending on 

the myopia parameter α, these countervailing forces determine the disclosure equilibrium. 

Since both the expected payoff given disclosure and nondisclosure change with respect to 

the signal in a nonlinear way, the disclosure equilibrium could potentially be complicated. 

The following proposition establishes that any disclosure equilibrium takes a simple form: 

lower-tail disclosure or interval disclosure. 

Lemma 2. Suppose that the leader frm makes a disclosure decision to maximize (6). Any 
disclosure equilibrium takes the following form: {s1 | d(s1) = 0} = {s1 | s1 ≤ τ1 or s1 ≥ τ2} for 

19I exclude the case of pure myopia, α = 1. If the leader maximizes only stock price in the production stage, 
then the leader is indifferent for any production levels given nondisclosure, because the market does not ob-
serve the quantity. In particular, any stock price can be supported in equilibrium. 

20The order of the stock market’s pricing and frm 2’s production is interchangeable. 
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some 2a ≤ τ1 ≤ τ2 < 2a. 

Notice that τ2 = 2a corresponds to upper-tail disclosure and τ1 = 2a to lower-tail dis-

closure. Thus, Lemma 2 says that disclosure equilibrium is either lower-tail disclosure 

(τ1 = 2a and τ2 < 2a) or interval disclosure (τ1,τ2 ∈ (2a,2a)). Interestingly, upper tail dis-

closure (τ1 > 2a and τ2 = 2a) is impossible even if the leader frm puts a high weight on the 

stock price (i.e., α is high). To see this, suppose that α is close to one, so that the leader 

frm cares almost exclusively about stock price. Then, the nondisclosure payoff is almost 

constant, as the stock price given nondisclosure is constant. Since the expected payoff given 

disclosure is increasing in the signal realization, the disclosure equilibrium should be an 

upper-tail disclosure, if it exists. But then, any types who are in the nondisclosure region 

have an incentive to mimic the types who disclose in equilibrium, because the stock price is 

weakly increasing in types. Doing so hurts the cash fow, as the leader frm is overproducing 

compared to the demand signal. However, since the leader frm does not care about the cash 

fow consequences, this cost of deviation does not affect the deviation incentive. 

Another implication of Lemma 2 is that interval nondisclosure is impossible. To gain 

some intuition behind this result, again note that all that the expected payoff given nondis-

closure is constant with respect to the signal realization when the leader cares only about 

stock price, while it is increasing when the leader maximizes cash fow. Thus, for any 

α ∈ [0,1], the nondisclosure stock price is higher than the nondisclosure cash fow when 

the signal realization is low. Now, suppose on the contrary that interval nondisclosure is 

possible, and let τ1 < τ2 be the marginal types. In the neighborhood of τ1, the marginal 

type’s disclosure strategy can be seen as lower-tail disclosure under the interval nondisclo-

sure strategy. However, from the previous observation that the nondisclosure stock price 

dominates when signal realization is low, the upper-tail disclosure incentive should domi-

nate in the neighborhood of τ1. Thus, it is a contradiction. 

Having characterized possible disclosure equilibrium in Lemma 2, I now turn to the 

existence and properties of equilibria. 

Proposition 2. Suppose that the manager maximizes (6). (i) The equilibrium exists for α 

low enough. (ii) If disclosure equilibrium exists, full disclosure is impossible for any α, t, and 
ρ. (iii) An interval disclosure equilibrium exists. 

As the above discussion about the impossibility of upper-tail disclosure implies, the equi-

librium may not exist for some value of α. Part (i) of the proposition states that as long as α 

is not high enough, the equilibrium exists. Moreover, the no-full disclosure result of Proposi-

tion 1 extends to the case of α > 0 (Part (ii)). Part (iii) asserts that it is possible to construct 
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a proper interval disclosure equilibrium, where the leader frm discloses the production plan 

only when the signal realization is “modest.” 

Figure 5 illustrates an example of (proper) interval disclosure.21 When the signal realiza-

tion is low (s1 ≤ τ1) or high (s1 ≥ τ2), the leader frm conceals the production plan. Thus, upon 

nondisclosure, the follower is not sure if the demand signal is low or high. Each marginal 

type is indifferent between disclosing and not disclosing. When the production plan is dis-

closed (s1 ∈ [τ1,τ2]), the leader is worse off than the follower by the signaling distortion. In 

equilibrium, the nondisclosing types should be discouraged from mimicking the disclosing 

types. When α is not high enough, such deviation is unproftable due to the cash fow conse-

quences. Under the setting of Figure 5, this incentive constraint can be checked manually. 

Figure 5: Equilibrium Proft and Disclosure Threshold: Dual Objective 

Note: The fgure shows the payoff of the leader (frm 1) and the profts of the follower (frm 2) as a 
function of the signal realization s1 in equilibrium. The dashed vertical line shows the equilibrium 
disclosure thresholds. The leader frm discloses q1 if s1 ∈ [τ1,τ2]. The parameter is set as follows: 
a = 1/3,a = 1,α = 0.07, t = 0.3. 

21Since the follower’s expected cash fow given nondisclosure is the same as the stock price, the specifcation 
of the follower’s payoff does not matter as long as the production decision is made to maximize expected cash 
fow. 
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6 Uncertain Information Endowment 

In this section, I extend the main model to allow the possibility that the leader frm does not 

receive information (Dye, 1985; Jung and Kwon, 1988). I simplify the model by assuming 

that the leader observes a perfect signal, i.e., ρ = 1. Specifcally, the leader now observes the 

private signal s1 = a with probability p ∈ (0,1) and observes nothing, denoted by s1 = ∅, with 

probability 1−p. The remaining structure of the game is the same as before. Importantly, the 

leader can disclose the production quantity q1 even when the leader observes a null signal 

s1 = ∅, because the leader commits to a production decision regardless of the information 

endowment. 

This twist from the standard Dye-Jung-Kwon model, i.e., the disclosure by the unin-
formed type, introduces an interesting economic force in the model. There are two types of 

equilibria, depending on whether the uninformed type discloses the quantity. Since the un-

informed leader does not observe the private signal about demand, the uninformed leader’s 

disclosure choice does not depend on the signal realization. If the uninformed leader does 

not disclose the production plan, then upon disclosure, the follower knows that the quantity 

is from the informed and that it contains information about the demand, so the production 

stage is the same as the main analysis. However, upon nondisclosure of the quantity, the fol-

lower does not know if the nondisclosure is coming from the informed or uninformed. Thus, 

the follower’s inference depends on the prior probability that the information arrives at the 

leader. I show that the the effect of the information friction on disclosure equilibrium is the 

same as in the standard Dye-Jung-Kwon model. 

Alternatively, if the uninformed leader discloses its production plan, then the informa-

tion friction gives different implications. The follower, upon observing the disclosed quan-

tity, considers the possibility that the leader may be uninformed. The production schedule 

by the uninformed does not contain any value as a signal of the leader’s private demand 

information. The informed leader could possibly mimic the uninformed type’s production 

to convince the follower that the quantity has no information value, in an attempt to avoid 

signaling distortion. I frst show that there is no fully separating production equilibrium. I 

analyze semi-separating production equilibria, where the informed leader mimics the unin-

formed leader’s production for some signal realizations to avoid the frst-mover disadvantage 

but still enjoys the frst-mover advantage. This new device used to restore the frst-mover 

advantage–producing the quantity that the uninformed would produce–increases the value 

of disclosure. Indeed, I show that the information friction could expands the disclosure re-

gion. 
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6.1 The Uninformed Leader Conceals Its Production 

Suppose that there is an equilibrium in which the uninformed leader conceals the production 

plan. In this case, any disclosure about quantity comes from the informed leader for sure, so 

the equilibrium given disclosure is the same as the main model. In particular, a separating 

production equilibrium exists in which disclosed types are separated. If the informed instead 

withholds the quantity, then the follower is not sure if the concealment is from the informed 

leader’s strategic decision or the leader being uninformed. The informed leader follows a 

lower-tail threshold disclosure strategy by the same reasoning as in the main model. Upon 

nondisclosure, the follower’s posterior expectation of the demand takes a form analogous to 

the standard Dye-Jung-Kwon models: 

pP(a ≥ τ) (1 − p)
E[a | Nondisclosure] = E[a | a > τ]+ E[a]. (7)

pP(a ≥ τ)+ (1− p) pP(a ≥ τ) + (1− p) 

The disclosure threshold is determined by the following indifference condition of the 

marginal type: · ¸
1 t pP(a ≥ τ) (1− p) 1 
E[a | τ]− E[a | a > τ]+ E[a] = p E[a | τ] .

2 2(2 + t) pP(a ≥ τ) + (1− p) pP(a ≥ τ)+ (1− p) 2 1+ tψ| {z } | {z }
=Nondisclosure =Disclosure 

(8) 

For this type of equilibrium to exist, the uninformed leader’s incentive compatibility must 

be satisfed. That is, if the uninformed leader has the incentive to deviate and disclose the 

quantity, it is no longer an equilibrium. There are two types of deviations. The uninformed 

can mimic the informed by committing to q1 that is in the range of the informed leader’s 

equilibrium disclosed production plan (on-path deviation). In this case, the follower thinks 

that the disclosure is from the informed and backs out the signal according to the fully sepa-

rating equilibrium. Alternatively, the uninformed can disclose a quantity that the informed 

leader would not disclose (off-path deviation). In this case, the follower can assign any off-

path belief.22 I show that if the market is competitive enough, then the equilibrium in which 

the uninformed conceals information exists. 

Proposition 3. Let τ ∗ be the solution to (8). There exists a cutoff t ∗ such that, for t ≥ t ∗ , 
there exists an equilibrium in which the uninformed leader conceals the production plan. In 
particular, the uninformed does not have an incentive to deviate and disclose its production 
plan. Equilibrium takes the following form: 

22As in Proposition 1, there are off-path beliefs that survive the D1 criterion. 
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t• the uninformed leader produces 1
2 E[a]− 2(2+t) E[a | Nondisclosure]; 

• the informed leader and the follower produces according to (5), where the nondisclosure 
belief is modifed to (7); 

• the disclosure threshold is τ ∗ . 

To understand why equilibrium exists when t is high enough, note that the uninformed 

leader’s on-path deviation is equivalent to choosing and disclosing a production level in 

{q1(s1) | s1 ≤ τ ∗}. For any possible demand signal realization s1 ≤ τ ∗ , if the uninformed 

leader were to make an on-path deviation, it wishes to choose q1(s1). Since the uninformed 

leader does not observe the demand signal, however, it has to guess the private signal. When 

the best guess E[a] is available as on-path deviation (E[a] ≤ τ ∗), this mimicry is proftable. 

Otherwise, the gain from deviation is nonpositive. As Corollary 1 shows, when the compet-

itiveness t is high, the disclosure threshold τ ∗is low, so such on-path deviation is less likely 

to be proftable. 

Explicitly solving (8) is infeasible, but analyzing equilibrium condition gives the following 

comparative statics. 

Corollary 4. The disclosure threshold τ ∗ is increasing in p. That is, the leader discloses 
more as p increases. 

This result is in line with the original Dye-Jung-Kwon model. When the leader becomes 

more likely to be uninformed, the follower thinks that nondisclosure is more likely to be 

coming from the uninformed, and thus the marginal type now fnds it more attractive to be 

pooled with the uninformed. Note that in the extreme case where p → 1, the condition (8) 

reduces to (4). 

Not surprisingly, the comparative statics with respect to t continues to hold. That is, as 

the market becomes more competitive, the leader frm discloses less. 

Corollary 5. The leader discloses less if the competitiveness of the market increases. 

6.2 The Uninformed Leader Discloses Its Production 

Next, I consider the case in which the uninformed leader discloses its production plan. This 

type of equilibrium is unique to my setting where the leader frm discloses real actions (pro-

duction) instead of private signals. 
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Full Separation is Impossible 

I frst show that there is no linear fully separating equilibrium. 

Lemma 3. Suppose that the uninformed discloses its production plan. Then, there is no 
linear fully separating equilibrium. 

Intuitively, if there is a fully separating equilibrium, by virtue of the signal space being 

a continuum, the probability that the informed produces and discloses the quantity that 

the uninformed produces and discloses is zero. Therefore, upon seeing the production level 

that the uninformed would commit to, the follower assigns probability one to the event that 

the leader is uninformed. For this uninformed’s production level, the follower believes that 

there is no signaling value, so the production levels are in Stackelberg equilibrium. If the 

informed leader produces this uninformed’s quantity, then the follower evaluates that the 

demand is E[a]. When the leader observes a signal around E[a], the leader can save the cost 

of signaling by being pooled with the uninformed, while the mimicked production level is 

close to the optimal production under perfect information. Thus, there is a set of informed 

types who wish to deviate to the uninformed type’s production level. 

The logic above applies to any fully separating equilibria, which is not necessarily linear. 

Thus, one can predict that Lemma 3 is true across any fully separating equilibria. How-

ever, it is hard to formally show the result, as I do not have a closed-form solution for the 

equilibrium and it is diffcult to compute the deviation proft. 

Semi-Separating Equilibria: Production Equilibrium 

In the proof of Lemma 3, I show that there is an interval of informed types who deviates to 

the uninformed production. Following this observation, I look for semi-separating equilibria 

of the following form. The informed leader’s strategy, denoted by q1,info, is given by 

 q1,uninfo if s1 ∈ Spool = [s, s] 
qD = (9)1,info(s1) q1,sep = QL(s1) if s1 ∈ Ssep = S \[s, s]. 

if it is disclosed and qN (s1) if it is concealed. The uninformed leader produces q1,uninfo.1,info 
That is, the informed leader types in Spool and the uninformed leader produces a same 

amount q1,uninfo, and other types produce linear separating equilibrium levels. It turns out 

that under a mild condition this is the only type of linear semi-separating equilibrium. 
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Lemma 4. Suppose that Spool is a union of (nondegenerate) intervals. Any semi-separating 
equilibrium takes the form (4). 

DThe follower’s production strategy given disclosed q1, denoted by q2 (q1), is thus written 

as  
D,sep 

D 
q2 = QF,sep(q1) if q1 ∈ QL(Ssep) 

q2 (q1) =  D,poolq2 = QF,pool(q1) if q1 = q1,uninfo. 

I use qN to denote the follower’s production when the leader conceals the production. The2 
D N D Nequilibrium is now defned by {d, q1,info, q1,info, q1,uninfo, q2 , q2 } such that the optimality and 

belief consistency analogous to Defnition 1 hold. Notice that the uninformed production 

q2,uninfo is determined in equilibrium, taking into account that certain types of the informed 

wish to mimic the uninformed. Figure 6 summarizes the notation in the production stage. 

Figure 6: Production Stage 

Informed Disclose SeparationD D,sepq1,info q1,info q1,sep : q2 

Pooling 
Conceal D,poolq1,uninfo : q2Uninformed 

N Nq : q1,info 2 

D,poolq1,uninfo : q2 

Note: The fgure shows the notation for the production stage. 

To derive the production equilibrium, fx a pooling interval Spool. The equilibrium pooling 

interval is later uniquely identifed as a fxed point. First, consider the follower’s reaction to 

the disclosure of q1,sep. The follower rationally learns that the leader is informed. Thus, the 

production equilibrium is exactly the same as the main model. The follower uncovers the 

private signal in equilibrium from the disclosure. Next, suppose that the leader discloses 

q1 = q1,uninfo. The follower infers that the leader is either informed or uninformed and uses 

the Bayes rule to update beliefs. In particular, the posterior expectation of the demand is 

pP(s1 ∈ Spool) 1− p
E[a | q1,uninfo] = E[a | s1 ∈ Spool]+ E[a]. (10)

pP(s1 ∈ Spool)+ (1− p) pP(s1 ∈ Spool)+ (1− p) 

The above expression of E[a | q1,uninfo] does not directly depend the realization of s1, be-

cause q1,uninfo is the pooling level. It varies with the pooling interval Spool. Finally, suppose 
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that leader does not disclose production. Since the uninformed leader discloses, the follower 

knows that the leader is informed. The posterior expectation is determined by the nondis-

closure set. This completes the description of the follower’s best responses for a fxed pooling 

interval. 

The leader’s production and disclosure decision is based on the follower’s best responses. 

The uninformed leader solves 

max q1,uninfo(E[a]− q1,uninfo − tQF,pool(q1,uninfo)). (11)
q1,uninfo 

Here, because of the pooling by the informed types, the follower reacts to q1,uninfo with 

QF,pool(q1,uninfo), which in turn is affected by the pooling interval. The uninformed leader 

chooses the quantity understanding this reaction by the follower. The informed leader has a 

choice of choosing a pooling level or separation level. If it decides to choose the pooling level, 

it must produce the level identifed in Equation (11). If it decides to choose a separation 

level, then the leader solves the same problem as the no-Dye friction case. This strategic 

interaction between the informed and the uninformed is the new economic force that arises 

in the equilibrium where the uninformed discloses its quantity. 

So far, a pooling interval has been fxed. I am left to determine the pooling interval 
∗ Spool = [s, s] to characterize production equilibrium. An equilibrium interval [s , s ∗] must 

satisfy the following condition: 

∗ ∗ ∗ ∗],π1,pool(s1; s , s ∗) ≥ π1,sep(s1) ⇐⇒ s1 ∈ S , spool = [s (12) 

where π1,sep (π1,pool) is the leader’s proft when the leader chooses the separation (pooling) 

level of production.23 Condition (12) requires that an equilibrium pooling interval is a fxed 

point: For given s and s, one can pin down the production equilibrium and compute the 
◦ ◦interval [s , s◦] such that π1,pool ≥ π1,sep. For s and s to be an equilibrium, it must be s = s 

and s = s◦ . The following result shows that this fxed point uniquely exists. Therefore, the 

equilibrium production and proft given disclosure of the form (9) is uniquely determined. 

Lemma 5. Suppose that q1 is disclosed. Then, at the production stage, a unique semi-
separating equilibrium of the form (9) exists. 

To understand the uniqueness of the pooling interval, consider the equilibrium interval 
∗[s , s ∗]. Suppose that the interval is shifted slightly to the left, i.e,. [s ∗ − ε, s ∗ − ε] for some 

23Notice that π1,pool is quadratic and π1,sep is linear in s1, so π1,pool −π1,sep has at most two roots. Since π1,sep 
is convex, {s1 | π1,pool − π1,sep ≥ 0} is an interval. 
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ε > 0. This affects the production equilibrium through the posterior belief (10). In particular, 

in the uniform case, the probability that the signal is in intervals of the same lengths is the 

same, so E[a | q1,uninfo] decreases.24 Moreover, the pooling quantity, q1,uninfo, is determined 

as a function of the posterior expectation E[a | q1,uninfo] through the follower’s reaction in 

the uninformed leader’s optimal condition. Since the uninformed leader produces more as 

the follower’s posterior belief decreases, i.e., q1,uninfo increases as E[a | q1,uninfo] decreases, 
∗ π1,pool(s1; s ∗−ε, s ∗−ε) > π1,pool(s1; s , s ∗) for all s1. But then, π1,pool(s1; s ∗−ε, s ∗−ε) ≥ π1,sep(s1) 

◦ ∗holds on a interval [s , s◦] ⊋ [s , s ∗], as π1,sep(s1) does not depend on the pooling interval. 

Hence, [s ∗ − ε, s ∗ − ε] cannot be an equilibrium. By similar arguments, one can see that 
∗shifting, expanding, or shrinking the equilibrium interval [s , s ∗] cannot be supported as an 

equilibrium. 

Semi-Separating Equilibrium: Disclosure Equilibrium 

To verify if a disclosure strategy is indeed constitutes an equilibrium, one needs to check the 

uninformed leader’s IC. Namely, the uninformed leader should be deterred from deviating to 

nondisclosure. Moreover, the informed leader’s IC can also be an issue, because the informed 

leader’s pooling proft depends not only on its type but also on other types in the pooling 

interval. The following lemma gives a partial characterization of the uninformed leader’s 

IC.25 

∗Lemma 6. Suppose that E[a] ∈ [s , s ∗]. Then, the uninformed leader does not have an incen-
tive to deviate to nondisclosure if and only if the informed type s1 = E[a] prefers to disclose the 

∗production plan. Suppose that E[a] ∉ [s , s ∗]. Then, it is necessary for the IC to hold that the 
informed type s1 = E[a] prefers to disclose the production plan. 

Since the uninformed leader does not receive any signal, it evaluates the demand as 

E[a]. Thus, the uninformed can be regarded as the informed type s1 = E[a]. If E[a] is in the 

pooling interval, then type E[a] produces the pooling level, so the informed type E[a] has 

exactly the same incentive as the uninformed. Consequently, the uninformed leader’s IC is 

satisfed if and only if the informed leader does not deviate to nondisclosure. However, if E[a] 

is outside the pooling interval, then the informed type E[a] produces a separating level, so 

24When the density of a is not constant, then E[a | q1,uninfo] would change depending on the shape of the 
distribution. Yet, the intuition for Lemma 5 remains valid. The uniform distribution makes the formal proof 
signifcantly easier because of the property that E[a | q1,uninfo] does not depend on the location of a pooling 
interval. 

25This characterization is only partial, because the disclosure incentive of type s1 = E[a] gives only a neces-
∗sary condition for the IC when E[a] ∉ [s , s ∗]. 
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the uninformed and the type-E[a] informed leader have different incentives. Thus, Lemma 

6 gives only a partial characterization of the IC. 

Next, I characterize all disclosure equilibria. Defne the disclosure proft by π1 
D := max{π1,pool,π1,sep} 

and nondisclosure proft by π1 
N . To identify disclosure equilibrium, I need to compare the be-

haviors of π1 
D and πN with respect to the demand signal realizations. Although it is no longer 1 

feasible to write down the rate at which the expected profts increase with respect to the sig-

nal, I can characterize disclosure equilibrium using available information about expected 

profts. Specifcally, π1,sep and πN are both quadratic in s1, and from Proposition 1, they1 

intersect at most once. Moreover, π1,pool is linear in s1. Using these properties together with 

the uninformed and informed leader’s IC described above, I obtain the following result.26 

Proposition 4. A disclosure equilibrium, if it exists, takes the lower-tail disclosure form. 
That is, the informed leader discloses the production plan if and only if s1 ≤ τ for some τ ∈ 

[2a,2a). 

Since the nondisclosure proft is quadratic and a part of the disclosure proft is linear, it 

is not immediately clear that only a lower tail disclosure is possible. To understand the re-

sult, note that all the pooling types should disclose the production plan. In other words, the 

nondisclosure proft and the disclosure proft cannot intersect at the interior of the pooling 

interval. Hence, nondisclosure proft and disclosure proft cannot intersect in the pooling 

interval. if The separating part of the disclosure proft is the same as in the model without 

the Dye friction, so the disclosure equilibrium takes the same form as the model with per-

fect separation. Note that, unlike the model without the Dye friction, an equilibrium may 

not exist for some parameter values, because of the additional incentive constraints for the 

pooling types. 

Compared to the model without the Dye friction, the disclosure proft is πD = max{π1,pool,π1,sep}1 

instead of π1,sep. Since max{π1,pool,π1,sep} ≥ π1,sep, for the informed leader, the disclosure is 

more proftable. Moreover, since the uninformed type discloses the production plan, the 

follower’s posterior belief upon nondisclosure does not depend on p. Hence, the leader dis-

closes more compared to the no-friction case (p = 1). This observation is summarized in the 

following proposition, which is the main result of the extended model. 

Proposition 5. Suppose p ∈ (0,1) and that lower-tail disclosure equilibrium exists. Then, 
the disclosure region weakly expands compared to the baseline model, which corresponds to 
p = 1. 

26Assigning suffciently bad off-path beliefs deters off-path deviations. 
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Figure 7 illustrates this proposition. The left panel shows the leader’s indifference condi-

tion. It plots the leader’s disclosure proft π1 
D(s1) and nondisclosure proft π1 

N (s1,τ = s1). The 
∗ ∗equilibrium pooling interval is [s , s ∗]. The leader’s disclosure proft bifurcates at s , and 

the dotted part of πD shows the disclosure proft given that there is no Dye friction (i.e., full1 

separation). Since the dotted part of πD and πN intersects at τ0, this is the disclosure equi-1 1 

librium in the model without Dye friction. On the other hand, the solid part of πD is always 1 

greater than π1 
N , indicating that with the information friction the leader always prefers to 

disclose the production plan. This is in contrast with the model without the information 

friction, where full disclosure is impossible. Since all pooling types disclose the production 

plan, the informed leader’s IC is satisfed. Since the informed type s1 = E[a] is in the pooling 

interval and prefers to disclose the production plan, by Lemma 6, the uninformed leader’s 

IC is satisfed. 

The right panel shows the equilibrium profts given that equilibrium disclosure threshold 

τ ∗ = 2a. Given that the production plan is disclosed and is a separation level, the equilibrium 

is the same as the mandatory disclosure model, so the follower earns proft higher than the 

leader (frst-mover disadvantage). However, if the discloses the pooling level of production, 

then the leader earns profts higher than the follower. The leader can exploit the frst-mover 

advantage while saving on signaling costs. This is achieved by disclosing the production 

level but still being pooled with the uninformed. 

7 Conclusion 

In this paper, I examine the role of voluntary disclosure in a leader-follower game. In an 

oligopolistic market, if a better-informed leader frm is forced to disclose its production plan, 

then the leader is worse off than the follower due to signaling costs. When the leader has 

the option to withhold the production plan, the leader does so when the private demand 

information is suffciently bad. As the market becomes more competitive, the leader frm 

discloses less often. When the leader’s disclosure decision is based both on stock price and 

cash fow, an interval disclosure can emerge. When the leader may not always receive private 

information, the leader can mimic the uninformed type to avoid the signaling cost. 

I conclude with several caveats about the model. A critical assumption in the model 

is that the leader frm, upon being informed, commits to a production and has the option to 

disclose it. The commitment assumption, which is shared in the standard Stackelberg model, 

may not be perfectly true in the real world. For example, a frm may have the freedom to 
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Figure 7: Full Disclosure Equilibrium 

Note: The left panel shows the indifference condition of the informed leader. That is, it plots the 
leader’s disclosure proft π1 

D(s1) and the leader’s nondisclosure proft given that the threshold is s1, 
π1 

N (s1,τ = s1), assuming that the disclosure set takes the form {s1 ≤ τ}. The right panel shows the 
equilibrium profts of the leader and the follower. In both panels, the solid vertical line indicates 

∗the boundaries of the pooling interval: [s , s ∗] = [1.21,2a]. In the left panel, the dotted vertical line 
indicates the disclosure threshold if there is no Dye friction (p = 1). The dashed line indicates E[a]. 
The parameters are set as aL = 1/3,aH = 1, t = 0.5, p = 0.3. 

adjust its production plan. Even after an initial round of production is completed, a frm 

may expand production or decide not to sell some inventory. Future work could relax the 

commitment assumption and explore implications for the model. For instance, if the leader 

frm can adjust its production plan at some cost after the initial announcement, the leader 

may disclose more often. Another key assumption is about the timing of decisions. One 

frm called the leader frm moves frst, and this timing is exogenously fxed. Future studies 

could incorporate the endogenous timing of production and disclosure decisions. Although 

this would add signifcant complexity, it would provide a deeper understanding of voluntary 

disclosure in oligopolistic markets. 
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Appendix 

A Proofs 

In this appendix, I use notation ND to denote the event of nondisclosure. When there is no 

Dye friction, ND = {d(s1) = 0}. Alternatively, when the demand signal may not arrive, ND = 

{the leader is uninformed}∪{the leader is informed and s1 ∈ {d(s1) = 0}}. When the disclosure 

strategy is a τ-threshold strategy, sometimes I use ND(τ) to emphasize the dependence of ND 
on τ. 

Proof of Lemma 1 

t tNote that 1
2 E[a | s1] − 2(2+t) E[a | d(s1) = 0] ≥ 12 E[a | 2a] − 2(2+t) E[a | s1 = 2a]. Given a ≥ a/3, one 

can show that the right hand side is nonnegative for any t and ρ. 

Proof of Proposition 1 

(i) Since the leader’s disclosure and nondisclosure profts are both the squares of their re-

spective production quantities (with additional coeffcients for π1 
D), deriving the disclosure 

strategy only requires comparing the terms inside the square. The square root of nondis-

closure proft increases with respect to E[a | s1] at a rate of 1/2, while the square root of p
disclosure proft increases with respect to E[a | s1] at a rate of (2 1+ tψ)−1 < 1/2 for all 

s1. Hence, the unique disclosure strategy involves lower-tail disclosure. Defne the relative 

beneft of disclosure for a marginal type τ: ½ ¾
1 1 t

f (τ; t,ρ) = p E[a | τ]− E[a | τ]− E[a | a > τ] . 
2 1+ tψ 2 2(2 + t)| {z } | {z } 

Nondisclosure Disclosure 

Note that f (τ ∗ , t,ρ) = 0 at some point τ ∗ ∈ (2a,2a) means partial disclosure, while f (τ, t,ρ) ≥ 

(≤)0,∀τ means full (non)disclosure. The unique solution to f (τ ∗ ; t,ρ) = 0 is given by the 

expression. The solution is ¡ ¢t t− ζ (1− ρ)E[a]+ ρa 1∗ 2+t 2+t
τ = h i , ζ = 1− p . (13) 

ζ − t ρ 1 + tψ 
2(2+t) 
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(ii) The relative beneft of disclosure at the upper bound of the signal realizations is 

p p
(2 2+ 2t − 2Z)(E[a]+ ρ(a − a)) 1

f (2a; t,ρ) = p , Z = 1+ t + . 
2(2+ t) Z 1− t 

p p
Note that Z > 2 and Z is increasing in t and that 2 2+ 2t−2Z is monotonically decreasing p p p
in t and at t = 0 it takes 2( 2 − 2) < 0. Thus, 2 2 + 2t − 2Z < 0 for all t ∈ (0,1). Since 

E[a] + ρ(a − a) > 0 for all ρ ∈ (0,1], it follows that f (2a, t,ρ) < 0 for all t and ρ. That is, the 

highest type strictly prefers to conceal the production plan for any parameter values. By the 

continuity of f (·; t,ρ), there is a type sN < 2a, which depends on t and ρ, such that types in 

(sN ,2a] conceal the production plan. 

(iii) Without loss, I assume that the leader’s equilibrium production schedule is right-

continuous. Moreover, for this proof, I use the demand structure in Appendix 1, so that the 

equilibrium production schedule is strictly increasing everywhere on R++.The only relevant 

type of off-path deviation is such that a nondisclosure type s1 ∈ ND = {s1 | s1 ≥ τ ∗} produces 

and discloses27 

o oq1 ∉ {q1(s1) | s1 < τ ∗} ⇐⇒ q1 ≥ lim q1(s1) 
s1→(τ ∗)− 

I use superscript N to denote that the production level is concealed in equilibrium. Take 
N ′ ′ any q1 

o > q1 (τ ∗). Thus, there is a single type that corresponds to q1 
o . Let such type be s1 = {s1 | 

q1 
N(s ′ 1) = q1 

o}. Defne Ds1(q1 
o) = {q2 

o | π1 
∗ < π1(q1 

o , q2 
o , s1)} and Ds1(q1 

o) = {q2 
o | π ∗ 

1 = π1(q1 
o , q2 

o , s1)}, 

where π1(q1 
o , q2 

o , s1) = q1 
o(E[a | s1]− q1 

o − tq2 
o). Fixing the equilibrium nondisclosure quantity of 

the follower, the s1-type has to incur a cost by adjusting to the non-optimal quantity q1 
N(s ′ 1): 

N ′ N ′ N ′ Nπ1(q1 (s1), q2 , s1) > π1(q1 (s1), q2 , s1). 

Thus, for the deviation q1 
o , the follower’s production should decrease by larger amount for 

′ type s1 than for type s1, i.e., Ds1(q1 
o) ⊊ Ds ′ (q1 

o) ∪ D0 (q1 
o). Thus, by D1, upon observing qo 

1 s ′ 1 
1, 

′ the follower assigns probability one to the even that the leader is type s1. Type s1 chooses 

to be pooled with other nondisclosure types in equilibrium, so being identifed as s1 for sure 

is strictly dominated for s1 ̸= E[s1 | s1 ≥ τ ∗] and indifferent for s1 = E[s1 | s1 ≥ τ ∗]. By the 
Nsimilar argument, for a off-path deviation q1 

o ∈ [lims1→(τ ∗)− q1(s1), q1 (τ ∗)), the deviation is 

most likely from type τ ∗ in the D1 sense. Thus, types in s1 ∈ ND have no incentive to choose 

such production levels and disclose them. 

Remark 1. Referring to Figure 8, I describe intuitive explanations for the proof of Part (iii). 

27An off-path deviation to q1 
o < q1(2a) is clearly not proftable as it is dominated by on-path deviations. 

40 



For types that are supposed to withhold the production plan, there are possibly two types 

of off-path deviations. One type of deviation is for the leader to produce and disclose the 
∗quantity in {q1(s1) | s1 ≥ τ ∗}, i.e., the quantity that some type would produce and conceal in 

the proposed equilibrium. In the fgure, this corresponds to off-path deviations 1 and 2. After 

the deviation to this quantity, the D1 criterion restricts the off-path belief to the type that 
′ would produce that quantity in equilibrium. For example, in the fgure, if type s1 produces 

and discloses the quantity denoted by off-path deviation 1, which is the quantity that the 

type produces and conceals in equilibrium, then the follower believes that the discloser is 
′ type s1. Similarly, the deviation to the production and disclosure of off-path deviation 2 

′′ ′′′ ′ (3) results in being identifed as type s1 (s1 ). Since type s1 prefers to be pooled with other 

nondisclosure types, the deviation is unproftable. Alternatively, the leader can produce and 

disclose some quantity in the discontinuous region of the production schedule. In the fgure, 

this corresponds to off-path deviations 4. The D1 criterion restricts the off-path belief to the 

marginal type τ ∗ . This again renders the deviation unproftable. 

Figure 8: Off-Path Beliefs under the D1 Criterion 

q1 

τ ∗ 

Disclosed Quantity Concealed Quantity 

s ′ 1s ′′ 1 

On-Path Dev 

Off-Path Dev 4 

Off-Path Dev 2 

Off-Path Dev 1 

Off-Path Dev 3 

s 
′′′ 
1 

Not proftable 
by construction Identifed as type τ 

Identifed as type s 

Identifed as type s 

Identifed as type s ′′′ 1 

′ 
1 

′′ 
1 

s1 

Note: The red line shows that production schedule given disclosure, and the blue line shows the 
production schedule given nondisclosure. The dotted line denotes the disclosure threshold, τ. 
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Proof of Corollary 1 

Using the inequality (1+ t)+ 1/(1− t) ≥ 2, I obtain · ¸ p
∂ t 1 (2− (2− t)t) 2(1+ t + 1/(1− t))

ζ − =− + 
∂t 2(2+ t) (2− t)2 2(2 − t2)2 

1 2− (2− t)t≥− + 
(2− t)2 (2− t2)2 

t2(6 + (2− t)t)= > 0.
(2+ t)2(2− t2)2 

Similarly, · ¸ p
∂ t 2 (2− (2− t)t) 1+ t + 1/(1− t)− ζ = − p
∂t 2+ t (2+ t)2 2(2− t2)2 

2 (2− (2− t)t)≤ 
(2+ t)2 − 

(2− t2)2 

t2(6 + (2− t)t)=− < 0.
(2+ t)2(2− t2)2 

Thus, τ ∗ is decreasing in t. 

Proof of Corollary 2 

Let Z = 1+ t + 1/(1− t) ≥ 2. 

p p p
∂τ ∗ 2E[a](2 z − 2 2 − 2t)= p p p p > 0,
∂ρ (4( Z − 2)+ t( Z − 2 2))ρ2 

where the inequality follows from the fact that both the denominator and numerator is pos-

itive. 

Proof of Corollary 3 

Under full nondisclosure (τ = 2a), the leader is strictly better off than the follower: π1 − π2 = 

12 ρ
2(a−a)2 > 0. Moreover, the equilibrium disclosure threshold 13 as a function of t satisfes 

a(3ρ − 2) − 2a(1− ρ) 2
limτ ∗(t) = 2 < a. 
t→1 5ρ 5 
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Since 2a ≥ 2
3 a, by continuity, full nondisclosure is the equilibrium for t high enough. A 

similar argument applies to show that the leader’s ex-ante expected profts are higher than 

the symmetric Cournot profts for t high enough. 

Proof of Lemma 2 

Given that both disclosure payoff and nondisclosure payoff are quadratic in signal real-

izations, the disclosure equilibrium can be one of the following: lower-tail disclosure, up-

per tail disclosure, interval disclosure, and interval nondisclosure. The discussion of the 

main text can be easily formalized to show that upper-tail disclosure is impossible. Thus, 

it suffces to show that interval nondisclosure is impossible. The payoff upon disclosure, 
1U1(α, d = 1, ·) = π1 

d , increases with respect to E[a | s1] at the rate 2(1+tψ) E[a | s1], while payoff 

upon nondisclosure increases with respect to E[a | s1] at the rate · ¸
1 t

(1 − α) E[a | s1]− E[a | ND] .
2 2(2+ t) 

1When α = 0, U1(α = 0, d = 0, ·) increases at the rate 1
2 E[a | s1] > 2(1+tψ) E[a | s1]. In this case, 

from Proposition 1, U1(α = 0, d = 0, s1 = 2a) > U1(α = 0, d = 1, s1 = 2a), When α = 1,28 U1(α = 

1, d = 0, ·) is constant. In this case, 

U1(α = 1, d = 0, s1 = 2a)−U1(α = 1,d = 1, s1 = 2a) · ¸
1 1 1 = Var(E[a | s1] | ND)+ E[a | ND]2 − E[a | s1 = 2a]2 
4 (2+ t)2 4(1+ tψ) 

1 1≥ E[a | 2a]2 − E[a | s1 = 2a]2 
(2 + t)2 4(1 + tψ) 

t2(1+ t)= > 0,
2(2+ t)2(2− t2) 

so U1(α = 1,d = 0, s1 = 2a) > U1(α = 1, d = 1, s1 = 2a). 

Suppose toward contradiction that interval nondisclosure equilibrium exists. First, sup-

pose that U1(α = 0, d = 0, s1 = 2a) < U1(α = 0,d = 1, s1 = 2a) and U1(α = 1, d = 0, s1 = 2a) < 

U1(α = 1, d = 1, s1 = 2a). It is necessary for interval nondisclosure thatU1(α, d = 0, s1 = 2a) ≤ 

U1(α, d = 1, s1 = 2a). For the disclosure and nondisclosure payoffs to intersect twice, it is 

necessary that the slope of the disclosure payoff at s1 = 2a (s1 = 2a) is smaller (larger) than 

28To be precise, α < 1, so this should be understood as α is arbitrarily close to 1. 
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the nondisclosure payoff: · ¸
1 1 t 

E[a | 2a] < (1− α) E[a | 2a]− E[a | ND]
2(1+ tψ) 2 2(2+ t) · ¸

1 1 t 
E[a | 2a] > (1− α) E[a | 2a]− E[a | ND]

2(1+ tψ) 2 2(2+ t) 

which implies µ ¶ µ ¶
1 1 t 1 1− 1 E[a | 2a] < E[a | ND] < − 1 E[a | 2a]
2 (1+ tψ)(1− α) 2(2+ t) 2 (1+ tψ)(1 − α) 

Furthermore, the slope of the disclosure payoff has to increase faster than the nondisclosure 

price: 
1 1 > (1− α).

2(1 + tψ) 2 

This contradicts with the above inequality. 

Second, suppose that U1(α = 0, d = 0, s1 = 2a) < U1(α = 0, d = 1, s1 = 2a) and U1(α = 1, d = 

0, s1 = 2a) > U1(α = 1, d = 1, s1 = 2a). For interval nondisclosure, it is necessary that U1(α, d = 

0, s1 = 2a) ≤ U1(α, d = 1, s1 = 2a). But then, by the same argument as above, it can be shown 

that the slope condition is not satisfed. Third, suppose that U1(α = 0,d = 0, s1 = 2a) > U1(α = 

0, d = 1, s1 = 2a) and U1(α = 1,d = 0, s1 = 2a) < U1(α = 1, d = 1, s1 = 2a). In this case, there 

is no α such that U1(α, d = 0, s1 = 2a) ≤ U1(α, d = 1, s1 = 2a), so interval nondisclosure is 

impossible. Finally, suppose that U1(α = 0, d = 0, s1 = 2a) > U1(α = 0, d = 1, s1 = 2a) and 

U1(α = 1,d = 0, s1 = 2a) > U1(α = 1, d = 1, s1 = 2a). Then, it is clear that for any α, the 

nondisclosure payoff function does not intersect with the disclosure payoff function“. 

Proof of Proposition 2 

(i) Under the conjecture of a τ-threshold lower-tail disclosure, the indifference condition is 

given by U1(α, d = 1, s1 = τ) = U1(α, d = 1, s1 = τ). For α = 0, there is a unique solution by 

Proposition 1. Since U1 is continuous in α, for a small level of α, an indifference type still 

exists. 

(ii) Suppose that the equilibrium is lower-tail disclosure (τ1 = 2a). Then, 

U1(α, d = 1,s1 = 2a,τ = s1)−U1(α, d = 0, s1 = 2a,τ = s1) 

t2(1+ t)(E[a]+ ρ(a − a))=− < 0.
2(2+ t2)(2− t2) 
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Thus, the lowest type strictly prefers to conceal the production plan. Suppose that the equi-

librium is interval disclosure (τ1 > 2a,τ2 < 2a). By defnition, full disclosure is impossible. 

(iii) See the construction in Figure 5. 

Proof of Proposition 3 

It suffces to check the uninformed leader’s IC. The off-path deviation is prevented by assign-

ing a suffciently bad off-path belief (a high posterior expectation). Suppose that the unin-

formed deviates to produce and disclose quantity that some informed type s1 would produce 

and disclose in equilibrium. This means that the uninformed leader produces q̂1 = 1 
2(1+tψ) s1, 

where s1 ≤ τ ∗ . The uninformed leader’s expected proft by producing q̂1 is · ¸ · ¸
1 1 ψ 1 1 

s1 E[a]− s1 − t s1 = s1 E[a] − s1 .
2(1+ tψ) 2(1+ tψ) 2(1+ tψ) 2(1+ tψ) 2 

Thus, the uninformed leader optimally chooses s = min{τ ∗ ,E[a]}. I make use of the following 

lemma. 

Lemma A.1. The posterior belief after nondisclosure, E[a | ND(τ)], is increasing at τ = τ ∗ . 

Proof. Suppose on the contrary that E[a | ND(τ)] is decreasing in τ at τ = τ ∗ Let π1 
D(s1; t) = · ¸2 

1 1 tp E[a | s1] and π1 
N(s1,τ; t) = 

h 

2 E[a | s1]− 2(2+t) E[a | ND(τ)] 
i2 

be disclosure and nondis-
2 1+tψ 

closure payoffs, respectively. From the equilibrium condition, π1 
D(τ ∗) = π1 

N(τ ∗ ,τ ∗). Since πN 
1 

is increasing in τ, for τ ′ < τ ∗ , I have 

D N ∗ D N ∗ π1 (τ ∗)− π1 (τ ,τ ′ ) > π1 (τ ∗)− π1 (τ ,τ ∗) = 0. 

Thus, it must be τ ′ > τ ∗ , a contradiction. 

Suppose that τ ∗ ≤ E[a]. Since the expected proft given nondisclosure increases at a rate 

higher than the expected proft given disclosure and they coincide at τ ∗ , I obtain · ¸2 · ¸21 t 1 t 
E[a]− E[a | ND(τ ∗)] ≥ E[a]− E[a | ND(E[a])]

2 2(2+ t) 2 2(2+ t) 

≥ 
1 

E[a]2 
4(1 + tψ) · ¸

1 1∗ ∗≥ τ E[a]− τ ,
2(1 + tψ) 2 
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where the last inequality is from τ ∗ ≤ E[a]. Since the frst expression is the equilibrium 

proft of the uninformed, this shows that the uninformed does not have a deviation incentive. 

Suppose instead that E[a] < τ ∗ . For the same reason, I obtain · ¸ · ¸21 t 1 t 1 
E[a]− E[a | ND(τ ∗)] ≤ E[a]− E[a | ND(E[a])] < E[a]2,

2 2(2 + t) 2 2(2+ t) 4(1 + tψ) 

which shows that the deviation is proftable. 

Hence, the equilibrium exists if and only if τ ∗ ≤ E[a]. Since τ ∗ is monotonically decreasing 

in t, limt→0 τ ∗(t) > E[a], and limt→1 τ ∗ = 2a, there exists a cutoff t ∗ such that τ ∗ ≤ E[a] if and 

only if t ≥ t ∗ . 

Proof of Corollary 4 

The derivative of the LHS of (8) with respect to p is 

(a − a)(2a − s1)(s1 − 2a)t 
2(2a − 2a(1 − p)− ps1)2(2+ t) 

< 0. 

Since the RHS is constant with respect to p and the nondisclosure price increases in s1 at a 

rate higher than the disclosure price, the solution to (8) is increasing in p. 

Proof of Corollary 5 

Note that the indifference conditions (4) and (8) are the same except for the nondisclosure 

belief E[a | ND]. Since E[a | ND] does not depend on t in either case, Corollary (1) implies the 

desired result. 

Proof of Lemma 3 

Suppose toward a contradiction that there exists an equilibrium in which the informed 

leader plays linear fully separating equilibrium. Since the probability that the uninformed 

leader’s production and the informed production coincides is zero, the follower knows if a 

disclosed quantity is from the informed or uninformed. Therefore, for the informed leader, 

the equilibrium is exactly the same as in the main model without the Dye friction. The un-

informed leader optimally discloses the quantity, as disclosure induces the standard Stack-
(2−t)2elberg game. In particular, the uninformed leader earns E[a]2.8(2−t2) 
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I argue that the type s1 = E[a] always have an incentive to deviate. Suppose that τ ∗ ≤ 
1 1E[a]. The informed leader’s expected proft is . Since (2−t)2 > 4(1+tψ) , the informed 4(1+tψ) E[a]2 

8(2−t2) 
leader deviates. Suppose that E[a] ≤ τ ∗ . The informed leader’s expected proft is 

· ¸2 · ¸21 t 2a + τ 1 t 1 (2 − t)2 
E[a]− ≤ E[a]− E[a] = E[a]2 < E[a]2,

2 2(2+ t) 2 2 2(2+ t) (2+ t)2 8(2− t2) 

so the deviation is again proftable. This shows that there is an open interval of types con-

taining E[a] such that those types deviate to the uninformed production. Hence, there is no 

linear fully separating equilibrium. 

Proof of Lemma 4 

It suffces to show that Spool is a connected interval in S . Suppose toward a contradiction 

that Spool is not a connected interval. It is without loss to assume that Spool consists of 

two disjoint intervals. I write Spool = [s1, s1] ∪ [s2, s2], where a ≤ s1 < s1 < s2 < s2 ≤ a. Both 

intervals cannot intersect with the nondisclosure set {s1 | d(s1) = 0}, because if the production 

is withheld the informed leader tailors production to the private signal. 
D,poolIf type s1 produces q1,uninfo, the expected proft is q1,uninfo(E[a | s1] − q1,uninfo − tq ).2 

1Note that this is linear in s1. The expected proft by producing q1,sep is 4(1+tψ) E[a | s1]2, which 

is convex in s1. The informed leader’s IC requires that, for all s1 ∈ Spool, 

D,pool 1 
q1,uninfo(E[a | s1]− q1,uninfo − tq ) ≥ E[a | s1]2.2 4(1+ tψ) 

The range of s1 that satisfes this inequality takes the form [s, s], so this is a contradiction. 

Proof of Lemma 5 

First, I derive the production equilibrium for a fxed pooling interval. Let QL(s1) = A0 + 
DA1s1. The follower’s production q is necessarily linear in q1, so I let QF,sep(q1) = B0 +2 

B1q1 and QF,pool(q1) = C0 + C1q1. Therefore, the production equilibrium is pinned down by 
N N{(A0, A1), (B0,B1), (C0,C1), q1,uninfo, q1,info, q2 }. Given that the leader chooses the separating 

level of production, the equilibrium is the same as in Section 4.1. Thus, {(A0, A1), (B0,B1)} is 

already derived.29 

Suppose instead that q1 = q1,uninfo. Then, the follower infers that the leader is either 

129In particular, A0 = B0 = 0, A1 = 2(1+tψ) , and B1 = ψ. 
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informed or uninformed and uses the Bayes rule to update belief. Thus, 

pP(s1 ∈ Spool) 1− p
E[a | q1,uninfo] = E[a | s1 ∈ Spool]+ E[a]. 

pP(s1 ∈ Spool)+ (1− p) pP(s1 ∈ Spool)+ (1− p) 

The follower’s optimality condition gives 

C0 = 
1 
E[a | q1,uninfo],

2
t

C1 = − .
2

Notice that E[a | q1,uninfo] is determined by the pooling interval [s, s]. Suppose that q1 is not 

disclosed. As in Section 4.1, (q 2 ) is determined as a Nash equilibrium. 1, 
N

info, qN 

Finally, The uninformed leader solves 

max q1,uninfo(E[a]− q1,uninfo − tQF,pool(q1,uninfo)). 
q1,uninfo 

The FOC gives 
E[a]− tC0 E[a]− 2 

t E[a | q1,uninfo], 
q1,uninfo = = .

2(1 + tC1) 2(1− t
2 

2 ) 

Hence, I have derived the production equilibrium {(A0, A1), (B0,B1), (C0,C1), q1,uninfo, q 2 }.1, 
N

info, qN 

Accordingly, I have obtained the proft functions π1,pool and π1,sep. The leader’s off-path de-

viation is deterred by assigning suffciently bad belief upon such deviation. 

Let X = {(s, s) | 2a ≤ s ≤ s ≤ 2a} ⊂ R2 be the upper-triangle in S 2. As noted in the main 

text, {s1 | π1,pool(s1) ≥ π1,sep(s1)} is an interval if it is not empty. Therefore, {s1 | π1,pool(s1) ≥ 
◦ ◦π1,sep(s1)} can be identifed as (s , s◦) ∈ X ⊂ R2, where {s1 | π1,pool(s1) ≥ π1,sep(s1)} = [s , s◦]. 

Defne a map Sp : X → X by 

  ◦(s , s◦) {s1 | π1,pool(s1) ≥ π1,sep(s1)} ̸= ∅ 
Sp(s, s) = (v,v) otherwise, 

where v is the y-coordinate of the vertex of the parabola π1,pool(s1) − π1,sep(s1). When the 

informed leader strictly prefers to be pooled with the uninformed, the map Sp returns (v,v), 

which means the informed leader is indifferent between pooling and separation. This seem-

ingly inconsistent property of Sp can be reconciled by noting that {v} ∈ S is measure zero, 

so the strategy at {v} does not matter.30 Since π1,pool(s1)−π1,sep(s1) is continuous in (s, s), the 

map Sp is also continuous. Since X is nonempty, compact, and convex, by Brouwer’s fxed 

30Another way to reconcile is to assume that if the leader chooses a pooling level if indifferent. 
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∗ ∗ ∗point theorem, there is a fxed point (s , s ∗) such that Sp(s , s ∗) = (s , s ∗). 

Proof of Lemma 6 

Suppose that the uninformed leader deviates to nondisclosure. Since the follower’s posterior 

upon nondisclosure is 

E[a | ND] = E[a | d(s1) = 1], 

′ 1 t Nthe best deviation is q1 = 2 E[a] − 2(2+t) E[a | d(s1) = 0] = q1,info(E[a]). Thus, the uninformed 

leader’s IC is given by 

D,pool N N Nq1,uninfo(E[a]− q1,uninfo − tq2 ) ≥ q1,info(E[a])(E[a]− q 2 ).1,info(E[a]) − q 

This is equivalent to the condition that the expected proft of the informed type s1 = E[a] 

when it chooses a pooling level is equal to or greater than the expected proft when it chooses 

nondisclosure: π1,pool(E[a]) ≥ π1 
N(E[a]), where πN is the leader’s nondisclosure proft. Let1 

π1 
D(s1) = max{π1,sep(s1),π1,pool(s1)} be the disclosure proft of the informed leader. 

∗Suppose that E[a] ∈ [s , s ∗]. Observe that 

D Ns1 = E[a] discloses q1,info ⇐⇒ π1 (E[a]) = π1,pool(E[a]) ≥ π1 (E[a]), 

N Ds1 = E[a] withholds q1,info ⇐⇒ π1 (E[a]) > π1 (E[a]) = π1,pool(E[a]). 

Hence, the uninformed leader’s IC is characterized by the disclosure incentive of the in-

formed leader with type s1 = E[a]. 
∗Suppose instead that E[a] ∉ [s , s ∗]. If s1 = E[a] withholds, then 

s1 = E[a] withholds q1,info ⇐⇒ π1 
N (E[a]) > π1 

D(E[a]) = π1,sep(E[a]) ≥ π1,pool(E[a]), 

so the IC does not hold. Therefore, it is necessary that the informed type s1 = E[a] does 

discloses the production plan. 

Proof of Proposition 4 

To prove Proposition 4, I use the following lemma. 
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∗Lemma A.2. Let [s , s ∗] be the equilibrium pooling interval. Then, in any equilibrium, all 
∗ ∗types in (s , s ∗) discloses the production plan, i.e., (s , s ∗) ⊂ {d(s1) = 1}. 

∗Proof. Suppose toward a contradiction that there is a type s0 ∈ (s , s ∗) who withholds pro-

duction in equilibrium. This type is supposed to produce the pooling level and conceals the 
Nproduction plan. However, since the production is not disclosed, the follower produces q2 . 

The best response to this follower’s production level is the nondisclosure level of production, 
N Nq1,info. The deviation to q is not observable to the follower, so the belief is not affected. 1,info 

Thus, type s1 = s0 + ε deviates from q1,uninfo to qN 
1,info. 

Using Lemma A.2, I prove that the disclosure equilibrium is a lower-tail disclosure. 

Case 1. π1,sep(2a) < πN 
1 (2a) ≤ π1,pool(2a). Then, by Lemma A.2, only an upper-tail disclo-

sure can constitute an equilibrium. However, given that {d(s1) = 1} = {s1 ≥ τ}, one 

can show that π1,pool(2a) < πN 
1 (2a), which is a contradiction. 

Case 2. π1,sep(2a) ≤ π1,pool < πN 
1 (2a). Then, by Lemma A.2, only possible case is π1,sep and 

πN 
1 

∗intersect at a point in [s , s ∗]. By the assumption, πD 
1 > πN 

1 for all s1, i.e., full 

disclosure is the only possibility. This can be expressed as a lower-tail disclosure, 

where the threshold is 2a. 

Case 3. π1,pool(2a) < πN 
1 (2a) ≤ π1,sep(2a). Then, by Lemma A.2, only an upper-tail dis-

closure can constitute an equilibrium, where π1,sep and πN 
1 intersect at a point 

∗greater than s . But then, as in Case 1, this leads to a contradiction. 

Case 4. π1,pool(2a) ≤ π1,sep(2a) < πN 
1 (2a). Then, by Lemma A.2, only possible case is π1,sep 

and πN 
1 

∗intersect at a point a greater than s . Therefore, it is a lower-tail disclo-

sure, and the disclosure is always partial. 

B Analysis of Mandatory Disclosure Benchmark 

The analysis of the benchmark case where the leader is forced to disclose production is 

essentially the same as Gal-Or (1987). However, my setting is slightly different from hers in 

terms of the demand system and distributional assumptions. Therefore, for completeness, I 

detail the derivation of the equilibrium in this section. 

First, I show that a linear fully separating equilibrium exists under mild assumptions. 
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Lemma B.1. In a fully separating equilibrium, QL is strictly increasing. If QL is continuous 
and differentiable, then there is a linear equilibrium, where both QL and QF are linear. 

Proof. That QL is strictly increasing can be shown in a similar manner as in Gal-Or (1987, 

Lemma 2). The leader’s incentive compatibility constraint implies the following frst-order 

differential equation: 

t QL(s1)
Q ′ L(s1) = ¡ ¢ ¡ ¢ .

2 1− t E[a | s1]− 2− t2 QL(s1)2 

It is straightforward to verify that a linear function QL can satisfy this differential equation. 

If QL is linear, then by the frst-order condition of the follower’s production, QF is linear 

as well. Let the off-path belief of the follower be such that the leader is as if following the 

linear strategy for all s1 ∈ R++. Then, the structure of the game is exactly the same as Gal-Or 

(1987), and the linear strategy is indeed an equilibrium. 

Remark 2. Unlike standard signaling models with an exogenous smooth cost function (e.g. 

Mailath, 1987), the signaling function QL is not necessarily continuous and differentiable. 

To see this, note that, if QL is discontinuous, then the leader’s production discontinuously 

changes around some signal realizations. But, this discontinuous change in the leader’s 

production induces a discontinuous change in the follower’s production. Since the cost of sig-

naling is determined by the follower’s production, the leader with signal realization around 

the discontinuous point does not necessarily fnd it proftable to deviate. That is, since the 

signaling cost is endogenous, the signaling function can be discontinuous.31 A similar ar-

gument applies to differentiability. It is the convention of the literature to assume linear 

perfectly separating equilibrium (Shinkai, 2000; Cumbul, 2021). 

Remark 3. Gal-Or (1987) derives essentially the same differential equation and claims that 

the only solution is linear, but this is not necessarily true. By Picard-Lindelöf theorem, there 

are infnitely many solutions for each choice of initial conditions for the differential equation 

at a point in (0,∞).32 

I derive the linear equilibrium by backward induction. The follower solves 

maxE[q2P2(a, q2, q1) | q1 = QL(s1)]. 
q2 

31When the cost function is smooth, a local deviation around a point where a signaling function is discontin-
uous gives a discontinuous beneft at a second-order cost. See Mailath (1987). 

32Note that the initial condition at zero does not pin down a solution, as the function that defnes the ODE is 
not Lipshitz continuous at zero. The failure of Lipshitz continuity here is the reason why there are infnitely 
many solutions. 
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The best response of the follower is obtained in the main text. Given the best response of the 

follower, the leader solves 

maxE[q1P1(a, q1,QF (q1)) | s1]. 
q1 

The leader’s frst order condition, together with the follower’s optimality condition, gives a 

system of equations for the unknown coeffcients (A,B):  QF (q1) = 12(A−1q1 − tq1),  1QL(s1) = 2(1+tB) E[a | s1]. 

Solving this, I obtain the unknown coeffcients: 

1− t 2− t
A = B = .

2 − t2 , 2(1− t) 

The equilibrium production can be written as 

1 ψ∗ ∗ ∗ q1 = E[a | s1], q2 = ψq1 = E[a | s1], (14)
2(1+ tψ) 2(1+ tψ) 

2−twhere ψ := B = 2(1−t) . The equilibrium profts are 

µ ¶
1 (2− t)2 

∗ ∗(π1,π2) = E[a | s1]2, E[a | s1]2 ,
4(1+ tψ) 4(2 − t2)2 

where the leader’s proft can also be written as 

∗ ∗ π1 = (1+ tψ)2(q1)2. 

The parameter ψ(t) is the multiplier on the leader’s production by the follower. That is, 

the follower produces ψ times the leader’s equilibrium production. The parameter ψ is de-

termined by the competitiveness of the market, t. It has the property that limt→0 ψ(t) = 1, 

limt→1 ψ(t) =∞, and monotonically increasing in t. In particular, since ψ > 1 for all t ∈ (0,1), 

the follower produces more than the leader for any signal realization. As a consequence, the 

leader earns less proft compared to the follower, i.e., π ∗ 
1(s1) ≤ π ∗ 

2(s2) for all s1 and t ∈ (0,1). 

This is the frst-mover disadvantage. Since the quantity q1 reveals the private demand in-

formation and the leader wants the follower to think that the demand is low in the hope of 

the follower produces less, the leader has an incentive to contract production. However, in 

equilibrium, the private information is perfectly recovered by the follower, so the leader is 
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1 
trapped into paying the cost of signaling only to reveal the private information. 

As t becomes large, the leader produces less in equilibrium, i.e., the coeffcient 2(1+tψ) 

in the leader’s production function decreases in t. This means the leader’s production reacts 
1less to the signal, i.e., 

∂q ∗ 

is decreasing in t. Since the follower wants to react to a unit change 
∂s1 

in s1, the follower’s response coeffcient, ψ, becomes large as t becomes large. If t tends to 

one, the leader’s production decreases to zero in the limit (limt→1 ψ(t) =∞). The leader fnds 

the signaling cost too high and stops producing. At t = 1, the follower becomes the monopolist 
∗and produces the monopoly quantity 1

2 E[a | s1]. However, this is a contradiction; if q1(s1) ≡ 0, 

then the leader’s production cannot reveal s1, and the follower cannot tailor its production to 

s1. This is why I exclude t = 1. In other words, the equilibrium is not (left-)continuous with 

respect to t at t = 1. Note that for all parameter values t ∈ (0,1), both the leader’s and the 

follower’s production is less than the monopoly production. See Figure 1 for the coeffcients 

on E[a | s1] in the production function of each frm. 

Notice that the follower’s response coeffcient, ψ, does not depend on ρ. When ρ tends to 

zero, the leader reacts less to the signal, but what matters is the leader reacts the same way 

for a given posterior expectation E[a | s1]. Thus, for a given production level q1, regardless of 

the precision of the signal, as long as the signal is not a pure noise, the follower infers that 

the posterior expectation is A−1 q1. Hence, the leader’s signaling incentive is constant with 

respect to the precision of the signal. When ρ is zero, then the leader’s action does not carry 

a signaling value, so the equilibrium above, which is derived by assuming that the leader 

reacts to the signal (i.e., A > 0), is no longer valid. In other words, the equilibrium above is 

not (right-)continuous with respect to ρ at ρ = 0. As a practical matter, one can assume that 

ρ is high enough and the support is large enough. 

The leader always produces and earns less than the follower, because the leader’s quan-

tity is the only information about the demand for the follower. In Gal-Or (1987), the follower 

also observes a noisy signal about the demand. If the follower’s signal is suffciently cor-

related with the leader’s signal, then the leader is limited in its ability to signal that the 

demand is low. If the follower observes a high signal, then the follower updates belief less 

when the leader decreases its production. In my model, the follower does not observe any 

signal, so the follower’s belief is highly sensitive to the leader’s decision. 

To gain further insight into why the leader earns less than the follower for any signal 

realizations, consider the best response function of the follower. The leader can choose any 

point on the follower’s best response curve by choosing appropriate production (and disclo-

sure of it). In the symmetric information case, where the signal is observed by both frms, 

the follower’s best response function’s slope is negative (−t/2). In Figure 9, QSym shows this F 
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best response function for some fxed realization of signal s1. If this were the follower’s BR 

function, the point B is the equilibrium, and the leader produces and earns more than the 

follower. On the other hand, in the asymmetric information case, from (2), the follower’s 

best response function’s slope is ψ > 1. This means that, if the leader increases a unit of 

production, then the follower also increases its production, and it does so at the rate higher 

than one. In the fgure, the follower’s BR function is shown as QF
D . Therefore, at any point 

of the follower’s best response function, the leader’s production is less than the follower’s 

production. In the fgure, the point A is the signaling equilibrium. Since the slope of the 

best response functions does not depend on the signal realizations, it follows that the leader 

is always worse off than the follower.33 

Figure 9: Best Response Functions of the Follower 

q2 

q1 

QSym 
F (q1) 

QD 
F (q1) 

A 

B 

higher profts 

leader’s isoproft curve 

Note: The graph shows the best response function of the leader and the follower. The dotted line is 
the 45-degree line. The parabola shows the iso-proft curve of the leader. 

33To illustrate that the leader cannot achieve an outcome that is close to the Stackelberg outcome, assume 
2−tthat the leader produces as if it is a perfect information game, i.e., q1 = AStckE[a | q1], where AStck = 2(2−t2) . 

Then, one can show that A−1 − t > 1 for any t ∈ (0,1). That is, the leader has an incentive to deviate to a 
production level that is smaller than the follower. 
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C On Demand Distribution 

C.1 Requirement for the Demand Distribution 

What kind of requirements need to be imposed on the distribution of demand? Instead 

of assuming that the demand a follows the uniform distribution, suppose that it has the 

distribution F. I continue to assume that the signal follows the “truth-noise” structure. To 

avoid a negative demand intercept, F must have support on the positive part of the real line. 

The truth-noise signal structure ensures that E[a | s1] is linear in s1, so, unlike Gal-Or (1987), 

there is no need to restrict F to make the posterior expectation linear in signal realizations. 

However, the truncated expectations, E[a | s1 > τ] and E[a | s1 < τ], are not necessarily linear 

in a threshold τ for any F. Since these truncated expectations naturally arise in a disclosure 

game, it is desirable, though not necessary, that they are linear in thresholds. Finally, to 

ensure the existence of a linear fully separating equilibrium, it must be the case that either 

F has full support on R++ or an appropriate specifcation of the off-path beliefs is necessary. 

Unfortunately, if F has (essential) full support on R++, then it can be shown that the 

lower-truncated expectation E[a | s1 < τ] is not linear in τ for any distribution F. In contrast, 

there are distributions such that the upper-truncated expectation is linear in thresholds. 

One such example is an exponential distribution. This case is analyzed in Appendix D. If 

the support of F can be a subset of R++, then a uniform distribution has the property that 

both upper- and lower-truncated expectations are linear in thresholds. In the main text, I 

employ weak Perfect Bayesian Equilibrium, which imposes nothing on off-path beliefs. In 

the next section, I explain that, by introducing a payoff-irrelevant state variable, the “weak” 

qualifcation from the PBE can be dropped. 

C.2 Payoff-Irrelevant State 

I introduce an auxiliary payoff-irrelevant state variable, which governs the demand distri-

bution. Specifcally, let ω ∼ U [0,1] be the auxiliary state variable. After ω realizes, the 

distribution of a is chosen as follows. If ω ∈ R ∩ [0,1] =: U , then it is the uniform distribution 

U [2a,2a]. If ω ∈ Q ∩ [0,1] =: N, then it is the gamma distribution Γ(a + a,1).34 Note that 

P(ω ∈ U) = 1 and P(ω ∈ N) = 0. Thus, the support of a is R++, while the essential support of a 

34Any distribution with positive support does the job. Under the gamma distribution, all positive real num-
bers are supported. Whether the density has a support on (0,2a) is irrelevant, but one can shift Γ(a + a,1) by 
2a so that a has support on [2a,∞). 
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is [2a,2a].35 The signal is again the truth-noise structure. Hence, the timeline of the model 

is now as follows. 

1. The auxiliary state variable ω realizes. 

2. The distribution of a is chosen according to ω. 

3. The demand intercept a realizes. 

4. The leader privately observes the signal s1, which is equal to a w.p. ρ and it is a pure 

noise with mean a + a. 

The rest of the timeline is the same as the main text. 

The probability that a ∼ U [2a,2a] is one, so essentially the game is the one with bounded 

support. However, the leader forms a strategy for all s1 ∈ (0,∞), as there is a state ω in which 

s1 > 2a is possible. If the follower observes s1 ∈ [2a,2a], the follower assigns probability one 

to the event that a follows the uniform distribution. If instead s1 > 2a, then the follower 

assigns probability one to the event that a follows the gamma distribution. That is, from 

an ex-ante perspective, the demand almost always follows the uniform distribution, but if 

the follower were to infer that s1 > 2a, then the follower believes that it is in a measure-zero 

state ω ∈ N. In any case, the follower’s posterior expectation is E[a | s1] = ρs1+(1−ρ)(a+a) for 

all s1 ∈ (0,∞). With this distribution assumption, the leader follows the linear strategy for 

all s1 ∈ [2a,∞). In the mandatory benchmark, I do not specify off-path beliefs, because the 
∗Bayes law applies for every q1 ≥ q1(2a). Since the support of a is [2a,2a] with probability 

one, the description of the main text, where I restrict discussion to a and s1 in [2a,2a] is 

without loss. For example, given that τ ∈ [2a,2a], the upper-truncated mean is 

E[a | s1 ≥ τ] = P(ω ∈ N)E[a | s1 ≥ τ, N] + P(ω ∈ U)E[a | s1 ≥ τ,U] 

2a + τ 2a + τ = 0× E[a | s1 ≥ τ, N] + 1× = .
2 2 

Remark 4. Alternatively, one could defne equilibrium as the limit of games where the de-

mand distribution is unboundedly supported. Call the original game Γ and defne a sequence 

of games {Γn}n∈N as follows. The demand parameter a follows a distribution whose density 

fn(a) is given by  1−e−2an/n for a ∈ [2a,2a]2(a−a)fn(a) =  −na e for a > 2a. 

35Recall that the essential support of a distribution is the smallest closed set such that the complement of 
the set has zero probability. 
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It is clear that fn → f pointwise, where f (a) = 1/(2(a − a)) for a ∈ [2a,2a] and f (a) = 0 for 

a > 2a. Since fn is fully supported on [2a,∞), for each n, there is a diminishingly small 

probability that the demand realization is a > 2a. As n becomes large, the small probability 

on the event a > 2a diminishes, and in the limit fn converges to the density of U [2a,2a]. 

The signal for a continues to be the “truth-noise” structure, i.e., it is a mixture of a and 

un that has the density fn. For each Γn, let En be the equilibrium where the leader plays 

linear fully separating equilibrium given disclosure.36 Then, the linear fully separating 

equilibrium derived in the main text can be understood as the limit of En. By construction, 

En[a | s1] → ρs1 + (1 − ρ)(a + a), where En is the posterior expectation under the density fn. 

For all n, the support of s1 is unbounded above. 

D Exponentially Distributed Demand 

In the main text, I assumed that the demand intercept follows a uniform distribution. The 

use of the uniform distribution made it relatively simple to compute the truncated expecta-

tion. In this appendix, I consider a scenario where the demand intercept follows an expo-

nential distribution with scale parameter β > 0, denoted as Exp(β−1). Since the support of 

a is unbounded above, there is no off-path action given disclosure. I demonstrate that the 

partial disclosure result Proposition 1 still holds. I also show that the comparative statics 

remain consistent with those derived under the uniform distribution. 

Specifcally, let a = a + x, where a > 0 and x ∼ Exp(β−1). To simplify the analysis, suppose 

that the signal is the realization of the demand itself, so s1 = x. The rest of the model is the 

same as the main text. Clearly, E[a | s1] = a + s1 and E[a] = a + β. 

From the analysis of the main text, it is evident that the production equilibrium remains 

unchanged. The only difference is that the values of E[a | s1] and E[a | d(s1) = 0] are now 

calculated under the new distributional assumption. The argument for the lower-tail dis-

closure still applies. Thus, to derive the unique disclosure threshold, I solve Equation (4). 

To do so, defne the function f (τ; t,β) as the difference of the adjusted disclosure quantity 

and nondisclosure quantity. (see the proof of Proposition 1). A useful feature of the expo-

nential distribution is that the upper-truncated mean is linear in a truncation threshold. In 

36The existence of linear fully separating equilibrium follows from the analysis of the main text. 
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particular, under the current setting, E[a | s1 > τ] = α + β + τ. Therefore, µ ¶
1 1 t

f (τ; t,β) = p E[a | τ]− E[a | τ]− E[a | s1 > τ]
2 1+ tψ 2 2(2+ t)| {z } | {z } 

Nondisclosure Disclosure Ã ! 
2 1 t =− − p (τ − a)+ β.

2 + t 1+ tψ 2+ t 

Since the coeffcient on τ is negative for all t ∈ (0,1), f (·; t,β) is monotonically decreasing. 

Hence, there is a unique solution. Solving f (τ; t,β) = 0, I obtain the equilibrium disclosure 

threshold (if it is interior): p
t 1+ tψ∗ τ =−a + p β. 

2 1+ tψ − (2+ t) 

Since limτ→∞ f (τ; t,β) = −∞, is is evident that full disclosure is impossible. 

The nonnegativity constraint does not bind in equilibrium. To see this, note that p
t 2t 1+ tψ 

E[a | s1 = τ ∗]− E[a | s1 > τ ∗] ≥ 0 ⇐⇒ p ≥ 0.
2+ t 2 1+ tψ − (2+ t) 

However, the left hand side only depends on t, and it is straightforward to show that it is 
t tpositive for all t ∈ (0,1). Since E[a | s1] − E[a | s1 > τ ∗] ≥ E[a | s1 = τ ∗] − E[a | s1 > τ ∗] for 2+t 2+t 

all s1 > τ ∗ , the nonnegativity constraint never binds in equilibrium. 

After some algebra, one can verify that ∂τ ∗ < 0 for all parameter values. Therefore, the
∂t 

leader frm discloses less as the market becomes more competitive. The intuition is the 

same as in the uniform distribution case. Furthermore, I can consider the effect of the scale 

parameter β on the disclosure threshold. Since the coeffcient of β in the expression for τ ∗ 

is positive, the disclosure threshold increases as the scale parameter increases. In other 

words, the leader frm discloses more when the demand is expected to be higher on average. 

This happens because, for a given type s1 = τ, as the demand rises on average, the follower 

believes that the average demand for the nondisclosure types has also increased. Simply 

put, the follower’s posterior E[a | s1 > τ] is increasing in β. 

The other results–those for the dual objective and the Dye friction–would also hold for 

this alternative signal structure. However, unlike in the uniform distribution case, the 

lower-truncated mean is not linear in a truncation threshold for any distribution. Specif-
τically, in the exponential distribution case, E[a | s1 < τ] = a + β − . Thus, the compu-

eβ−1τ−1 
tation of equilibrium becomes more complicated, necessitating numerical computation. For 
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this reason, I prefer to use the uniform distribution. 
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